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Late adolescents and early adults (18-25 years old) struggle most with type 1 diabetes 
(T1D) self-management. Suboptimal T1D self-management increases the acute risk of severe 
hypoglycemia and diabetic ketoacidosis and the chronic risk of macro- and microvascular 
complications. Behavioral T1D self-management interventions have tended to improve 
psychological outcomes without improving self-management behaviors or glycemic control. 
Mindfulness-based T1D self-management interventions are no exception. Because psychological 
states may be embodied (i.e., affected by somatic states) and these studies did not measure 
somatic indices or correlates of the psychological outcomes, a gap remains in the understanding 
of how behavioral interventions are supposed to improve T1D self-management outcomes. To 
address this gap, an embodied framework was proposed. In the present study, the feasibility and 
acceptability of a biobehavioral protocol to examine the relationships of mindfulness, 
interoception (the sense of the internal state of the body), and stress (including physiological 
stress responses) to T1D self-management among late adolescents and early adults were assessed 
and initial trends in those relationships were explored. The relationship of body sensations to 




Findings were limited. Although the study procedures were acceptable to participants, a 
number of challenges and limitations were identified. Recruitment was the primary challenge.  
 The final sample size was approximately 20 percent of the goal, depriving statistical analyses of 
power. Nevertheless, participants with high levels of mindfulness had significantly better 
glycemic control (viz., lower glycated hemoglobin) than participants with lower levels of 
mindfulness. This difference could not be explained by findings for interoception, stress, or T1D 
self-management behaviors. Interviews revealed that particular body sensations were not 
associated with particular T1D self-management behaviors; any symptom of hypo- or 
hyperglycemia prompted blood glucose self-monitoring. 
 This study tentatively supported the promise of mindfulness-based T1D self-management 
research. To more rigorously test the embodied relationship between mindfulness and T1D self-
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CHAPTER 1: BACKGROUND 
Introduction 
Individuals with type 1 diabetes (T1D) tend to be least successful self-managing their 
condition during late adolescence and early adulthood (18 to 25 years old; Clements et al., 2015; 
Foster et al., 2019; Miller et al., 2015).  T1D self-management is a set of behaviors to maintain 
glycemic control, which includes blood glucose self-monitoring, insulin administration, proper 
nutrition, and regular exercise (American Diabetes Association, 2015a). Suboptimal T1D self-
management leads to hypo- and hyperglycemic states, which may threaten either one’s 
immediate life or long-term micro- and macrovascular health. Despite well-established, openly 
communicated self-management guidelines by the American Diabetes Association (ADA), 
many—if not most—late adolescents and early adults fail to consistently adhere to them 
(Hendricks, Monaghan, Soutor, Chen, & Holmes, 2013).  
In principle, mindfulness-based interventions may be useful for improving self-
management outcomes. To date, however, few studies have examined the relationship of 
mindfulness to T1D self-management (Ellis et al., 2018; Nagel et al., 2018; van Son et al., 2013). 
Their findings were mixed. Higher levels of mindfulness tended to be associated with better 
psychological outcomes (e.g., anxiety and depressive symptoms) that would presumably be 
associated with better T1D self-management; however, associations between mindfulness and 
the quality of T1D self-management were largely absent. Yet because somatic indices or 
correlates of these psychological outcomes were not measured, a gap remains in the 




In this chapter, T1D self-management and the barriers to it will be described. Then 
existing mindfulness-based T1D self-management research will be examined. Finally, the need 
for T1D self-management research that includes both psychological variables and their somatic 
indices or correlates will be proposed. 
Type 1 Diabetes Self-Management as a Clinical Problem 
Type 1 diabetes is a chronic condition caused by the autoimmune destruction of the beta 
islet cells of the pancreas (DiMeglio, Evans-Molina, & Oram, 2018). These cells are responsible 
for producing insulin, a hormone responsible for the uptake of glucose from the blood into cells. 
Without insulin, cells cannot effectively use glucose as an energy source. In lieu of glucose, the 
body metabolizes fat, producing ketones as an energy source. The accumulation of glucose and 
ketones in the blood increases the risk of several health problems described below. An 
excessively high blood glucose level is called hyperglycemia. Additionally, due to impaired 
secretion of glucagon, a hormone produced by the alpha islet cells of the pancreas that causes the 
release of glucose from the liver via glycogen hydrolysis, the body is unable to adequately 
increase blood glucose levels when they are too low (McCrimmon & Sherwin, 2010). An 
excessively low blood glucose level is called hypoglycemia. 
The maintenance of a normal blood glucose range—or the avoidance of hypo- or 
hyperglycemia—is the central goal of T1D self-management behaviors. Although acceptable 
blood glucose ranges are typically individualized and influenced by daily context (e.g., physical 
activity or infection), the ADA recommends that individuals 18 years of age or older maintain a 
blood glucose level between 80 mg/dL and 130 mg/dL (ADA, 2020b). Additionally, the ADA 
recommends maintaining a glycated hemoglobin (HbA1c) percentage—a surrogate measure of 




Failure to maintain a blood glucose level within the ADA guidelines increases the risk of 
acute and chronic health complications. The most significant effects of acute hypoglycemia 
involve the nervous system. The neurons of the brain preferentially use glucose for energy 
(Mergenthaler, Lindauer, Dienel, & Meisel, 2013). Hypoglycemia limits the available energy for 
neurons, resulting in a state called neuroglycopenia. Symptoms of neuroglycopenia include—but 
are not limited to—loss of concentration, motor coordination, or consciousness (Languren, 
Montiel, Julio-Amilpas, & Massieu, 2013). These symptoms tend to occur at blood glucose 
levels of approximately 50 mg/dL or lower (Mitrakou et al., 1991). Severe or prolonged 
neuroglycopenia can cause neuronal dysfunction or death, which may result in coma or death of 
the individual. 
Chronic hypoglycemia—or repeated instances of severe hypoglycemia—may cause 
hypoglycemia unawareness, a condition characterized by a depressed counterregulatory response 
to hypoglycemia (Martín-Timón & del Cañizo-Gómez, 2015). The counterregulatory response is 
complex set of processes that will not be discussed in detail in this monograph; however, 
sympathetic nervous system activation is central component of it. Signs and symptoms of 
sympathetic autonomic nervous system activation—known as neurogenic symptoms—include 
elevated heart and respiration rates, sweating, and anxiety (Towler, Havlin, Craft, & Cryer, 
1993). These symptoms typically begin to occur when blood glucose levels drop below 70 
mg/dL; however, individuals with hypoglycemia unawareness do not experience these symptoms 
until blood glucose levels are much lower, increasing the risk of severe hypoglycemia (Gold, 
Macleod, & Frier, 1994; Mitrakou et al., 1991). 
Severe, acute hyperglycemia may lead to diabetic ketoacidosis. As noted above, if the 




ketones are produced significantly faster than they can be used for energy, they accumulate in the 
blood, making the blood more acidic and disturbing electrolyte and fluid balances (Nyenwe & 
Kitabchi, 2016). If not adequately treated, it can be fatal. 
Chronic hyperglycemia is associated with numerous macro- and microvascular 
complications, such as heart disease, hypertension, stroke, retinopathy, and nephropathy 
(DiMeglio et al., 2018). The complex pathophysiological mechanisms responsible for each of 
these complications are beyond the scope of this monograph; however, they are all related to 
detrimental changes in blood vessels. These changes may include thickening and hardening of 
arterial walls, leading to hypertension and heart disease—or deterioration of capillary beds, 
leading to retinopathy. However, not all of these changes are directly caused by hyperglycemia. 
Some of the macrovascular complications, such as the thickening and hardening of blood 
vessels, are caused by dyslipidemia—or abnormal blood lipid levels—which occurs in parallel to 
hyperglycemia due to inadequate insulin action (Schofield, Liu, Rao-Balakrishna, Malik, & 
Soran, 2016). 
Type 1 Diabetes Self-Management Outcomes Among Late Adolescents and Early Adults 
Glycemic Control 
As mentioned above, the ADA operationalizes glycemic control as a blood glucose range 
(80-130 mg/dL) or HbA1c level (<7%). With the increased use of continuous blood glucose 
monitors, the ADA (2020b) has also communicated recommendations for the percentage of time 
spent within glycemic ranges; however, they will not be discussed in this monograph. 
In multiple studies, HbA1c percentages reached their peaks—or glycemic control reached 
its nadir—during late adolescence and early adulthood (Clements et al., 2015; Foster et al., 2019; 




trend using the Type 1 Diabetes Exchange clinic registry—a large, national database for T1D 
clinical information. Clements et al. (2015) and Foster et al. (2019) reported that HbA1c 
percentages peaked between 16 and 18 years of age (8.9% and 9.3%, respectively)—though 
Miller et al. (2015) reported that HbA1c percentages peaked at 9.2% among 19-year-olds. 
Additionally, Foster et al. (2019) showed that mean HbA1c percentages of a sample of 9,657 
individuals of all ages increased from 7.8% in 2010-2012 to 8.4% in 2016-2018 largely because 
glycemic control among adolescents and early adults declined. According to Miller et al., only 
14% of individuals with T1D between 18 and 25 years old had a HbA1c percentage less than 
7%, making late adolescents and early adults the least likely to achieve the ADA glycemic 
control goal compared to the other developmental periods across the lifespan.  
Self-Management Behaviors 
The ADA communicates self-management behavior guidelines to facilitate the 
maintenance of blood glucose levels within their recommended range. As noted above, these 
behaviors include insulin administration, blood glucose self-monitoring, nutritional intake, and 
physical activity—the particulars of which are to be optimized through the collaboration of 
individuals and their diabetes care providers. For example, taking a closer look at blood glucose 
self-monitoring and physical activity, the ADA recommends that individuals 18 years of age or 
older: (a) perform blood glucose self-monitoring prior to eating, sleeping, exercising, and driving 
(or other high-risk activities)—and when prompted by symptoms of hypoglycemia and during 
the treatment of it (ADA, 2020c); and (b) engage in at least 150 minutes total of moderate 
aerobic exercise over at least three days per week and resistance training twice per week (ADA, 
2020a). In a study of 49 late adolescents and early adults (18-26 years old), only 8% of 




(Hendricks et al., 2013). Blood glucose self-monitoring frequency is particularly important 
because it strongly predicts glycemic control (Miller et al., 2013).  
Health Complications 
Suboptimal T1D self-management poses acute and chronic threats to health. The most 
common causes of death for a cohort of Welsh late adolescents and early adults were acute T1D 
complications: diabetic ketoacidosis and suspected hypoglycemia (Wasag, Gregory, Dayan, & 
Harvey, 2018). Median ages at death were 22 and 21 years, respectively. Although late 
adolescents and early adults do not typically experience severe, chronic complications of T1D, 
suboptimal glycemic control during this developmental period predicts chronic complications 
later in adulthood (Bryden, Dunger, Mayou, Peveler, & Neil, 2003). Moreover, early signs of or 
risk factors for these complications have been observed in late adolescents and early adults 
(Hamman et al., 2014; Maguire et al., 2007). Although severe hypoglycemia and diabetic 
ketoacidosis pose an immediate threats to life, chronic complications faced later in adulthood 
pose the greatest threat (Sandahl et al., 2017; Sejling et al., 2016).  
Barriers to T1D Self-Management Among Late Adolescents and Early Adults 
Setting aside issues of affordability and accessibility of supplies and diabetes care 
providers or the organizational barriers created by employers or schools, late adolescents and 
early adults have reported several barriers to T1D self-management. In several qualitative 
studies, they admitted that T1D self-management routines were disrupted both by the irregular 
schedules of university and work and the desire to enjoy spontaneous social lives like their peers 
without T1D (Balfe, 2009; Balfe et al., 2014; Edwards, Noyes, Lowes, Haf Spencer, & Gregory, 
2014; Fredette, Mawn, Hood, & Fain, 2016). Some individuals felt self-conscious about or 




2013; Wilson, 2010). For some, body image issues motivated problematic eating, exercise, and 
insulin administration habits (Doyle et al., 2017; Hanna, Weaver, Slaven, Stump, & Shieh, 
2015). These disruptions may be compounded by the absence of parental assistance in 
maintaining self-management routines (Balfe, 2009; Ramchandani et al., 2000; Schilling, Knafl, 
& Grey, 2006). Additionally, as they transitioned from pediatric to adult endocrinology care, 
they reported that they did not have a diabetes care professional who understood their particular 
relationship with T1D and how to best manage it (Wilson, 2010). 
Although the above described barriers would challenge a person of any age, they may be 
particularly challenging to late adolescents and early adults due to their psychosocial 
development. Arnett (2000) introduced the concept of emerging adulthood, a developmental 
period occurring between approximately 18 and 25 years of age among individuals in 
contemporary, developed countries. He proposed that this eight-year span represented the 
“volitional years” (Arnett, 2000, p. 469). During this period, individuals obtain the independence 
of adulthood without the traditionally commensurate responsibilities, allowing them to explore 
choices as opposed to acting from obligation. Many of these individuals move out of their 
parents’ homes to attend college or university instead of starting a career, getting married, or 
having children. Without the behavioral limitations typical of careerism, spousehood, or 
parenthood, these individuals have unprecedented freedom in their conduct. This freedom allows 
them to explore possibilities (e.g., seek out new experiences). But because they do not have the 
experience to skillfully manage novel, adult situations, they tend to engage in risky behavior 






A Limitation in Mindfulness-Based T1D Self-Management Research 
Over thirty years ago the Diabetes Control and Complications Trial definitively 
concluded that intensive treatment of T1D significantly reduced the risk of the health 
complications described above, which established the foundation for current ADA 
recommendations (ADA, 2020b; Nathan, 2014). Unfortunately, studies investigating strategies to 
encourage adherence to those recommendations have been less definitive. Systematic reviews 
and meta-analyses have shown the efficacy and effectiveness of behavioral T1D self-
management interventions to be mixed across the lifespan (O'Hara et al., 2017; Pillay et al., 
2015; Viana et al., 2016; Winkley, Ismail, Landau, & Eisler, 2006). Although these interventions 
tended to improve psychological outcomes (e.g., depressive symptoms, anxiety symptoms, 
quality of life), they did not reliably and significantly improve T1D self-management behaviors 
or glycemic control—particularly in adulthood. Mindfulness-based health research to date has 
largely followed this trend. 
Although mindfulness has been practiced for millennia, it has been used explicitly for the 
treatment of health conditions for only the past few decades. In health research literature, the 
concept of mindfulness is typically defined as the present-oriented, nonjudgmental, non-reactive 
awareness of one’s thoughts, emotions, body sensations, and perceptions (Baer, 2011; Van 
Gordon, Shonin, Griffiths, & Singh, 2015).1 It focuses primarily on the coming and going of 
phenomena. Mindfulness-based health intervention work began in the 1970s with Mindfulness-
 
1 The extent to which this secular definition captures the Buddhist concept of mindfulness—and the importance of 
fidelity to the Buddhist concept—is controversial (Grossman & Van Dam, 2011). That controversy, however, will 
not be entertained in this monograph. The scope of mindfulness in this monograph is limited to its use in health 
research. There are two types of mindfulness: state and trait (Kiken, Garland, Bluth, Palsson, & Gaylord, 2015). 
State mindfulness is the condition of being mindful consequent to mindfulness practice. It is limited to the duration 
of practice. Trait mindfulness—also known as dispositional mindfulness—is the tendency to enter states of 
mindfulness. It tends to be stable over time, whereas state mindfulness tends to vary with practice. With practice, 
however, trait mindfulness increases with state mindfulness (Kiken et al., 2015). In this monograph, ‘mindfulness’ 




Based Stress Reduction, a program designed by Jon Kabat-Zinn to help individuals cope with 
chronic pain (Huxter, 2015; Ludwig & Kabat-Zinn, 2008). Since then interventions have been 
developed to help individuals with a diverse range of psychological and somatic health 
conditions—ranging from depression to hypertension to obesity (Daubenmier et al., 2016; 
Eisendrath et al., 2016; Loucks et al., 2019). As shown in a number of systematic reviews and 
meta-analyses, the evidence for the efficacy of mindfulness-based health interventions across the 
lifespan and health conditions has been mixed. Like behavioral T1D interventions, mindfulness-
based health interventions have tended to improve the psychological well-being of participants 
but have failed to consistently improve somatic conditions. For example, mindfulness-based 
interventions for chronic pain have tended to increase perceived quality of life or reduce 
depressive symptoms, but mindfulness-based weight loss interventions have not reliably affected 
adiposity (Hilton et al., 2017; Ruffault et al., 2016; Schultz, 2018). Mindfulness-based T1D self-
management interventions have followed this trend. 
Few mindfulness-based T1D self-management studies have been conducted. Moreover, 
as shown in a systematic review and meta-analysis by Noordali, Cumming, and Thompson 
(2015), many mindfulness-based self-management studies have not been exclusive to individuals 
with T1D; they were merely subsets of mixed samples that included individuals with type 2 
diabetes. Because type 1 and type 2 diabetes typically diverge dramatically in their etiology and 
self-management requirements, the findings of studies with mixed samples are only tenuously 
generalizable to T1D populations. With that limitation in mind, the largest, most rigorous 
mindfulness-based intervention for individuals with type 1 or type 2 diabetes produced improved 
psychological outcomes (e.g., decreased stress, anxiety, and depressive symptoms) without any 




study for T1D self-management among late adolescents, participants assigned to the 
Mindfulness-Based Stress Reduction group benefitted from lower perceived stress; however, 
their self-management behaviors and glycemic control (HbA1c percentage) did not change (Ellis 
et al., 2018). Likewise, in a cross-sectional study, Nagel et al. (2018) found no relationship of 
mindfulness to glycemic control among 19-to-26 year-olds.  
Given the trend above, one may be justifiably skeptical about the improvement of T1D 
self-management through mindfulness practice. However, there is a gap in existing research: 
none of the above-cited mindfulness-based T1D self-management studies used embodied 
frameworks. Somatic indices or correlates of the psychological variables of interest were not 
measured; consequently, a significant gap remains in our understanding of the relationship 
between mindfulness and T1D self-management.  
Embodiment vis-à-vis the Polyvagal Theory and Neurovisceral Integration Model 
 Embodiment is not a single, cohesive theory within the sciences (Wilde, 1999; Wilson & 
Golonka, 2013). The most conservative form of embodiment can be summarized by the 
statement that mental states are influenced by body states (Dove, 2015). The Polyvagal Theory 
(PT) and Neurovisceral Integration Model (NIM) are examples of conservative embodied 
theories (Porges, 2007; Thayer & Lane, 2000). These theories explain how differences in 
parasympathetic nervous system (PNS) activity may contribute to a variety of psychological 
phenomena and psychiatric disorders, including cognitive and emotional regulation or depression 
and anxiety (Breit, Kupferberg, Rogler, & Hasler, 2018; Capuana et al., 2014; Forte, Favieri, & 
Casagrande, 2019; Porges, Doussard-Roosevelt, & Maiti, 1994). 
To understand the PT and NIM, a brief introduction to the PNS is necessary. The vagus 




medulla oblongata and innervate nearly all the thoracic and abdominal organs, as well as some 
neck muscles (Porges et al., 1994). Eighty to ninety percent of its neurons are afferent, 
transmitting sensory information from the viscera to the brain; only a minority of efferent 
neurons transmit signals from the brain to target organs (Breit et al., 2018). The types of 
information transmitted by the afferent neurons are as diverse as the organs they innervate. The 
many particulars of the types of signals transmitted from the viscera and how they are processed 
in the brain, however, will not be discussed in this monograph. This monograph will focus on 
vagal signals to and from the heart. 
The general function of the PNS is growth and restoration of the body (Porges, 1995). To 
this end, activation of vagus nerve slows the heart rate through an inhibitory effect on the 
sinoatrial node, the heart’s pacemaker. This inhibitory effect on heart rate is known as the vagal 
brake (Porges, 2007). In response to a stressor, the vagal brake is withdrawn, causing the heart 
rate to increase. 
Activity of the vagus nerve is known as vagal tone. Because vagus nerve activity affects 
heart rate, the measurement of heart rate variability—respiratory sinus arrhythmia (RSA) in 
particular—may be used to noninvasively index vagal tone (Porges, 1995).2 Respiratory sinus 
arrhythmia is the vagus-mediated, beat-to-beat variability in heart rate associated with breathing 
(viz., increased heart rate with inspiration and decreased heart rate with expiration).  
Vagal tone as indexed by heart rate variability is at the core of both the PT and NIM 
(Porges, 2007; Thayer & Lane, 2000). For the PT, an evolutionary perspective links PNS activity 
with emotional and social phenomena. The following summary of this linkage paraphrases the 
 
2 According to Polyvagal Theory, RSA is the only type of heart rate variability that indexes vagal tone (Porges, 
1995, 2007). Some studies cited in this monograph used other types of heart rate variability to index vagal tone. I 




explanation presented in the Porges (2007) article. The vagus nerve has two branches: one 
myelinated, one unmyelinated. The myelinated branch of the vagus nerve connects the heart to 
the nucleus ambiguus in the brainstem, whereas the unmyelinated branch connects the 
subdiaphragmatic viscera to the dorsal motor nucleus of the vagus in the brainstem (Porges, 
2009). Although other vertebrates have an unmyelinated vagus branch, only mammals have a 
myelinated branch. Given the evolutionary newness of myelination, which facilitates rapid 
homeostatic adjustments to promote calmness, and the conjunction of the nucleus ambiguus with 
other proximate nuclei, which facilitates facial expression, ear tuning to human voice 
frequencies, and tone of voice, Porges argues that activity of the myelinated vagus nerve is 
central to emotional and social phenomena. 
Instead of taking an evolutionary perspective, Thayer & Lane (2000) used the overlap of 
neural circuits in the brain to link vagal tone and cognitive and emotional phenomena. Neural 
circuits associated with executive function and emotion spanning many brain regions overlap 
with the neural circuit associated with autonomic function. This autonomic circuit includes the 
nucleus ambiguus and vagus nerve. Thayer and Lane argue that vagal tone indexed by heart rate 
variability is an index of activation of the abovementioned neural circuits. 
Autonomic adaptability is central to the PT and NIM. The PNS must adaptively respond 
to demands: while it must promote calm and growth in the absence of stressors, it must also 
facilitate effective responses in the presence of stressors (Porges, 1995, 2007; Thayer & Lane, 
2009). Consequently, both tonic (i.e., baseline) and phasic (i.e., reactive) components of vagal 
tone are important. The magnitude and direction of phasic vagal reactivity seem to be context-
dependent, which makes sense in respect to adaptability (Laborde, Mosley, & Mertgen, 2018; 




vagal reactivity—has been shown to be directly associated with social awareness (Human & 
Mendes, 2018; Muhtadie, Koslov, Akinola, & Mendes, 2015). Because vagal tone is central to 
adaptability—which has been associated with cognitive, emotional, and social function—its 
relationship to self-regulation may be useful in an embodied T1D self-management framework. 
Self-Regulation: A Nexus for Mindfulness, Vagal Tone, and T1D Self-Management 
Although it is a somewhat expansive construct, self-regulation may be summarized as the 
manipulation of mental states and behaviors to achieve a goal (de Ridder & de Wit, 2008). 
Effective self-regulation entails the identification of a goal and the sustained attention to and 
self-reinforcement of mental and behavioral adaptations to overcome obstacles to achieving that 
goal (Mann, de Ridder, & Fujita, 2013; Mezo, 2009). It includes both executive control and 
emotional regulation. Executive control is a set of cognitive functions that facilitate goal setting 
and attainment (Jurado & Rosselli, 2007). It involves—but is not limited to—maintaining 
attention and working memory, resisting impulses for immediate gratification, and adapting to 
dynamic circumstances (Diamond, 2013; Thayer, Hansen, Saus-Rose, & Johnsen, 2009). 
Emotional regulation is the capacity to manipulate the internal experience and external 
expression of emotion (Fisher et al., 2018; Gross, 1998). 
Self-regulation is a potential mechanism for the effect of mindfulness on a variety of 
outcomes. At least two studies of late adolescents and early adults have shown self-regulation to 
mediate the relationship between mindfulness and mental states or processes. Short, Mazmanian, 
Oinonen, and Mushquash (2016) reported that self-regulation mediated the effect of trait 
mindfulness on both positive and negative affect. Noone, Bunting, and Hogan (2016) showed 
that executive function (viz., inhibition—or the ability to limit one’s attention to the pursuit of a 




ability to assess problems without bias). In a cross-sectional study, Lyvers, Makin, Toms, 
Thorberg, and Samios (2014) showed that trait mindfulness was inversely correlated with 
executive dysfunction in a sample of late adolescents and early adults.  
Vagal tone has been showed to be directly related to self-regulation (Laborde et al., 
2018). Using samples consisting mostly—but not exclusively—of late adolescents and early 
adults, Hansen, Johnsen, and Thayer (2003) and Hoffmann, Ettinger, Reyes del Paso, and 
Duschek (2017) showed that participants with high vagal tone (or heart rate variability) had 
quicker reaction times and more accurate responses during executive function laboratory tests 
than participants with low vagal tone. In a review of 135 articles, Balzarotti, Biassoni, Colombo, 
and Ciceri (2017) concluded that vagal tone was directly associated with emotional regulation. 
The quality of T1D self-management may be related to self-regulation. A recent review 
concluded that both executive function and emotional regulation were directly associated with 
T1D self-management among late adolescents and early adults (Wiebe, Berg, Mello, & Kelly, 
2018). For example, in a study of high school seniors, the HbA1c percentage of individuals with 
low executive function (i.e., individuals who did not effectively weigh rewards and punishments 
in the pursuit of a goal) increased significantly more over the following year than individuals 
with high executive function (Suchy et al., 2017). Moreover, the HbA1c percentage for the 
analytic subgroup that demonstrated the highest level of executive function did not increase over 
that year. In regard to emotional regulation, Fisher et al. (2018) used structural equation 
modeling to show that—in adults—emotional regulation was directly associated with diabetes-
specific distress, which was directly associated with suboptimal T1D self-management behaviors 




Self-regulation is a nexus that connects mindfulness, vagal tone, and T1D self-
management. As described above, higher levels of both mindfulness and vagal tone have been 
associated with higher levels of self-regulation. Higher self-regulation has been associated with 
more effective T1D behaviors and glycemic control. Additionally, higher levels of mindfulness 
have been associated with higher vagal tone (Delgado-Pastor et al., 2015). Given this evidence, 
mindfulness and vagal tone may be related to T1D self-management. This set of relationships 
establishes the foundation for an embodied mindfulness-based T1D self-management 




CHAPTER 2: AN EMBODIED FRAMEWORK FOR MINDFULNESS-BASED TYPE 1 
DIABETES SELF-MANAGEMENT RESEARCH AND STUDY AIMS 
 
An Embodied Framework: Mindfulness, Interoception, and Stress in Type 1 Diabetes Self-
Management 
 
As a nexus of mindfulness, vagal tone, and type 1 diabetes (T1D) self-management, self-
regulation is a useful foundation for an embodied T1D self-management framework. Although 
the relationships of mindfulness, vagal tone, and T1D self-management to self-regulation need 
further testing, they were assumed in this study. To emphasize embodiment, focus was shifted 
away from self-regulation, a psychological construct, to the vagus nerve, which served as the 
somatic center point for the embodied mindfulness-based type 1 diabetes (T1D) self-
management framework proposed in this chapter. Granting self-regulation as that nexus 
facilitated the exploration of the relationships of interoception and stress—which are closely 
related to the vagus nerve—to T1D self-management. The proposed framework is shown in 
Figure 2.1. In the following sections, these phenomena and the rationales for including them in 
the framework will described. 
Interoception 
In its simplest form—interoception is the representation of the internal state of the body 
(Craig, 2009; Gibson, 2019; Vaitl, 1996). Hunger and thirst are commonly noticed interoceptive 
signals (Stevenson, Mahmut, & Rooney, 2015). Interoception was included in the framework for 
three reasons: (a) variation in awareness of hypo- and hyperglycemia symptoms might partially 




by which mindfulness exerts its effects; and (c) better interoception—viz., higher interoceptive 
accuracy (defined below)—has been associated with better emotional self-regulation in late 
adolescents and early adults (Zamariola, Frost, Van Oost, Corneille, & Luminet, 2019). 
Figure 2.1 
Diagram of Selected Relationships Among Study Variables 
 
Notes. Solid black lines indicate known relationships. Dotted black lines indicate an inconclusive relationship. 
Red lines indicate unknown relationships explored in the present study. (+) indicates positive correlation. (-) 
indicates negative correlation. RSA = respiratory sinus arrhythmia, HBDT = heartbeat detection task, GPT = 
glycemia prediction task, HbA1c = glycated hemoglobin 
 
To discuss interoception, some terminological distinctions must be made. According to 
Garfinkel, Seth, Barrett, Suzuki, and Critchley (2015), interoception has three facets: accuracy, 
sensibility, and awareness. Interoceptive accuracy reflects the correspondence of self-reported 
interoceptive signals to actual interoceptive signals. The heartbeat detection task (HBDT) is a 




individual to count their heartbeats over a given period of time while their actual heartbeats are 
being recorded by electrocardiogram. Individuals whose heartbeat count is closer to the actual 
count have higher interoceptive accuracy. Interoceptive sensibility is the tendency to be aware of 
internal body signals. It is a trait or disposition that can be assessed through interviews or self-
report questionnaires like the Body Perception Questionnaire or Multidimensional Assessment of 
Interoceptive Awareness (Cabrera et al., 2018; Mehling, Acree, Stewart, Silas, & Jones, 2018). 
Interoceptive awareness is the confidence with which one produces estimates during tests of 
interoceptive accuracy. Individuals with high interoceptive awareness would have concurrently 
high accuracy and confidence about their accuracy. Although this taxonomy makes sense, most 
interoception research to date has been limited to interoceptive accuracy. From here forward, the 
Garfinkel et al. taxonomy will be used to describe the measurement of interoception, which—as 
stated above—is the representation of the internal state of the body. 
Often ‘interoception’ refers to visceral interoception, which is facilitated by the vagus 
nerve. As mentioned in Chapter 1, the vagus nerve primarily consists of afferent fibers, sending 
information from the thoracic and abdominal viscera to the brain. Visceral interoception, 
however, may not be immediately relevant to T1D self-management. Because some late 
adolescents and early adults with T1D report using body sensations to help manage their blood 
glucose levels, glucose sensing may be more immediately relevant to T1D self-management 
(Hood & Duke, 2015). 
Although some blood glucose sensing occurs peripherally and is transmitted to the brain 
via the vagus nerve, this function is largely performed by the hypothalamus, a subcortical brain 
structure responsible for a plethora of homeostatic functions (Chan & Sherwin, 2014; Saberi, 




and hyperglycemic signs and symptoms; however, only some individuals can quantify blood 
glucose levels based on body sensations with reasonable accuracy. In a study by Cox et al. 
(1985), the blood glucose levels of 19 adults with T1D were manipulated with intravenous 
glucose and insulin infusions in a hospital setting. Participants were asked to predict their blood 
glucose levels based on body sensations every 10 minutes over a nine-hour period. The predicted 
blood glucose levels significantly correlated with actual levels for seven participants. Forty-six 
percent of predicted values including all participants were within 20 percent of the actual 
values—though whether individuals tended to over- or underestimate values was idiosyncratic. 
 Although the evidence is somewhat limited, mindfulness practice has been shown to 
affect interoception. Some researchers have argued that interoception may be the mechanism by 
which mindfulness confers its effects (Farb et al., 2015; Gibson, 2019). Although meditators 
(i.e., presumably highly mindful individuals) have not reliably demonstrated better interoceptive 
accuracy vis-à-vis the HBDT than non-meditators (i.e., presumably not highly mindful 
individuals), they have done so with respiratory tasks (Daubenmier, Sze, Kerr, Kemeny, & 
Mehling, 2013; Khalsa et al., 2008). Irrespective of interoceptive accuracy, neuroimaging studies 
have supported the relationship between mindfulness and interoception. Farb, Segal, and 
Anderson (2013) showed that individuals who completed a Mindfulness-Based Stress Reduction 
course (and, thus, were presumably more mindful) had more persistent activation of the insula—
the interoceptive center of the brain—than those who did not complete the course (presumably 
less mindful). Zeidan (2015) showed that mindfulness mediation was associated with increased 
activation of the insula—which was not demonstrated in individuals who performed sham 
meditation. Sham meditation consisted of taking deep breaths while being told that they were 




attend to the subtleties of breathing, allowing thoughts come and go (Zeidan, Johnson, Gordon, 
& Goolkasian, 2010). 
Stress 
 Psychological stress is a mental state wherein an individual perceives the demands of 
them as a threat to their wellbeing (Lazarus & Folkman, 1984). Stress response is the set of 
physiological changes associated with psychological stress. Stress responses originate from two 
physiological systems: the autonomic nervous system (ANS) and the hypothalamus-pituitary-
adrenal (HPA) axis (Schommer, Hellhammer, & Kirschbaum, 2003). Psychological stress and 
both ANS and HPA stress responses were considered in this study for three reasons: (a) they are 
both associated with vagal activity; (b) late adolescents and early adults have reported high 
perceived stress, which has been associated with higher HbA1c percentages (Hurst, Baranik, & 
Daniel, 2013; Joiner, Holland, & Grey, 2018; Peer, Hillman, & Van Hoet, 2015; Ramchandani et 
al., 2000); and (c) HPA axis activation (viz., cortisol secretion) causes insulin resistance, which 
may disrupt T1D self-management routines (Geer, Islam, & Buettner, 2014). 
Vagal tone has been associated with stress. According to Polyvagal Theory, vagal tone is 
an index of stress (Porges, 1995). From a theoretical perspective, vagal tone is an index of stress 
because the immediate cardiac response to stressors (e.g., increased heart rate) is primarily 
mediated by the withdrawal of the vagal brake (Porges, 2007). Two meta-analyses showed that 
psychosocial stressors were significantly associated with phasic decreases in vagal tone from 
baseline (Brindle, Ginty, Phillips, & Carroll, 2014; Shahrestani, Stewart, Quintana, Hickie, & 
Guastella, 2015). Few studies have tested the relationship between vagal tone and perceived 




vagal tone was associated with higher perceived stress (Dishman et al., 2000; Fanning et al., 
2019). 
Vagal tone attenuates activation of the HPA axis, a system that facilitates the recruitment 
of resources to respond to threat (Porges, 2007; Thayer & Sternberg, 2006). Cortisol, a hormone 
secreted by the adrenal glands, is a commonly used biomarker of stress. Psychosocial stressors 
like the Trier Social Stress Test (TSST) reliably induce cortisol secretion (Kirschbaum, Pirke, & 
Hellhammer, 1993; Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004). The 
evidence supporting a relationship between perceived stress and cortisol levels, however, is 
mixed (Creswell, Pacilio, Lindsay, & Brown, 2014; Hjortskov, Garde, Ørbæk, & Hansen, 2004; 
Oldehinkel et al., 2011). 
Existing evidence supports relationships of mindfulness to stress and stress response. As 
mentioned above, two mindfulness-based T1D self-management interventions reduced perceived 
stress (Ellis et al., 2018; van Son et al., 2013). A meta-analysis by Pascoe, Thompson, Jenkins, 
and Ski (2017) showed that mindfulness interventions significantly decreased blood cortisol 
levels. Additionally, Delgado-Pastor et al. (2015) showed that a body-focused mindfulness 
intervention increased vagal tone. 
Interoception and Stress 
Evidence for the relationship of interoception to stress and stress response is mixed and 
may differ by chronicity. On an acute timescale, higher interoceptive accuracy was associated 
with higher levels of stress (e.g., perceived stress or exposure to a social evaluative stressor) in 
two studies (Durlik, Brown, & Tsakiris, 2014; Maeda, Ogishima, & Shimada, 2019). In contrast, 
Fairclough and Goodwin (2007) showed that interoceptive accuracy decreased in response to an 




regard to acute stress responses, increased blood cortisol has been shown to modulate brain 
processing of interoceptive signals from the heart (Schulz et al., 2013). On a chronic timescale, 
higher interoceptive accuracy was associated with lower perceived chronic stress (Schultchen, 
Bayer, Kühnel, Melchers, & Pollatos, 2019). Additionally, this study showed that the 
relationship between interoceptive accuracy and perceived chronic stress was mediated by self-
regulation, the implicit foundation of the proposed framework. Yet Schultchen et al. (2019) 
reported that there was no relationship between interoceptive accuracy and cortisol level in hair, 
a measure of chronic stress response. 
Putting It All Together 
 Using the relationships of mindfulness, vagal tone, and T1D self-management to self-
regulation as a lattice, an embodied framework for mindfulness-based T1D self-management 
research has been proposed. Increased mindfulness may have complementary effects on 
interoception and stress—increasing the former and decreasing the latter. Increased interoceptive 
ability may improve T1D self-management by either improving awareness of glycemic states or 
self-regulation (Cox, Gonder-Frederick, Polonsky, Schlundt, & et al., 2001; Schultchen et al., 
2019; Zamariola et al., 2019). In this study, hypothalamus-centered glycemic interoceptive 
accuracy and vagus-centered cardiac interoceptive accuracy were used to better understand the 
potential mechanism behind the purported relationship between interoception and T1D self-
management. Decreased stress—aside from being desirable in itself—may improve T1D self-
management by increasing tonic vagal tone—which has been associated with better self-
regulation, which in turn has been associated with better T1D self-management—or decreasing 
HPA activation, which may interfere with glycemic control due to cortisol-related insulin 




& Kelly, 2018). There is limited evidence that the relationship between interoception and stress 
over an acute timescale may confound the individual effects of interoception and stress on T1D 
self-management; however, over a chronic timescale, the relationship between interoception and 
stress may facilitate their individual effects (Durlik et al., 2014; Maeda et al., 2019; Schultchen 
et al., 2019). Additional research is needed to better understand these relationships. 
Study Purpose and Aims 
 Before an embodied mindfulness-based intervention for late adolescents and early adults 
can be prudently designed, the relationships of mindfulness, interoception, and stress to T1D 
self-management among late adolescents and early adults must be investigated. Because this 
particular research has not been conducted before, the best methods for doing so have not been 
established. Thus, the purpose of this research study was to assess the feasibility and 
acceptability of a biobehavioral protocol to investigate the relationships of mindfulness, 
interoception, and stress to T1D self-management among late adolescents and early adults, while 
exploring initial trends in those relationships. The study had three aims. Aim 1 was to evaluate 
the strategies for the recruitment of participants and the collection, management, and analysis of 
study data. Aim 2 was to explore preliminary trends in the relationships of mindfulness, 
interoception, and stress to T1D self-management using a biobehavioral laboratory protocol. 
Finally, Aim 3 was to explore the body sensations associated with hypo-, eu-, and hyperglycemia 
and how those sensations influenced T1D self-management behaviors using semi-structured 
interviews. These interviews were intended to provide a diabetes-specific assessment of 





CHAPTER 3: METHODS 
Study Design 
In the study’s final form, a quasi-experimental design with mixed methods was used to 
explore the relationships of mindfulness, interoception, and stress to T1D self-management 
among late adolescents and early adults. The study originally had two groups: the primary group 
of fulltime university students with T1D and a comparison group of fulltime university students 
without T1D. However, in consultation with my dissertation committee, we decided to remove 
the fulltime university student eligibility requirement and the non-T1D comparison group, which 
would confer two scientifically justifiable benefits: (a) it would make the study’s findings more 
generalizable to late adolescents and early adults; and (b) it would expand recruitment 
opportunities, increasing the likelihood of meeting the recruitment goal. The non-T1D 
comparison group was removed because the relationships among mindfulness, interoception, and 
stress in individuals with T1D were unknown, making the comparison of these relationships to 
individuals without T1D premature. The methods described below are for the modified study. 
 The study included two visits: a biobehavioral visit and an interview visit. The primary 
purpose of the biobehavioral visit was to explore the relationships of mindfulness, interoception, 
and stress to T1D self-management. The primary purpose of the interview visit was to explore 
the role of body sensations in T1D self-management, which were to inform mixed methods 
analyses of data collected in the biobehavioral visit. 
 All study procedures were approved by the Institutional Review Board (IRB) at the 




Sampling and Recruitment 
Sample 
 The study population was late adolescents and early adults with T1D. Inclusion criteria 
for study participation were: (a) 18 to 25 years old; (b) diagnosis and management of T1D for 
over one year; (c) used insulin injections or an insulin pump; (d) lived away from parents’ home; 
and (f) read and spoke English. Participants must have managed diagnosed T1D for at least one 
year and lived away from their parents’ homes to ensure that they had developed their own 
management routines that were not directly supported by parents (e.g., reminders to check blood 
glucose level, preparation of meals, scheduling of endocrinology appointments). Individuals 
were excluded if they had a health condition that affected blood glucose or stress hormone 
levels—such as Addison’s disease, Cushing syndrome, or an acute infection (e.g., cold or 
influenza)—or an allergy to milk or soy. 
The planned numbers of women and minorities included in the study were based on the 
demographic distributions of individuals with T1D and students at colleges and universities in 
the Chapel Hill-Durham-Raleigh area of North Carolina—who I assumed would be most likely 
to be eligible and willing to participate (Duke Office of News and Communication, n.d.; Durham 
Tech, 2016; Office of Institutional Research and Assessment, 2015; Office of Institutional 
Research and Planning, n.d.; Pettitt et al., 2014). Based on these considerations, the proposed 
sample was 50% female, 43% White, 23% Black or African American, 17% Hispanic/Latino, 
7% Asian, 7% Native Hawaiian or Pacific Islander, and 3% American Indian/Alaska Native. 
Because this study was considered to be a feasibility study, the proposed sample size was 




determined to be feasible and sufficiently large for statistical tests to inform future studies. 
Statistical power analyses are discussed below.  
Recruitment Strategies 
 Initial recruitment strategies were targeted at university students. Mass recruitment 
emails were sent to students and staff at the principal investigator’s (PI) university. 
Administrators for the campus health centers at six central North Carolina universities were 
contacted to obtain permission to post flyers in waiting areas and, if appropriate, have providers 
mention the study to potential participants. Local chapters of the College Diabetes Network and 
JDRF were contacted to distribute flyers or arrange presentations about the study.  
After removing the fulltime university student eligibility requirement, the Carolina Data 
Warehouse for Health (CDW-H) was used to identify potentially eligible individuals. The CDW-
H allowed me to obtain the contact information for all 18 to 25-year-old individuals with T1D 
who received care in the UNC Health Care system. Recruitment letters were sent to the identified 
individuals. Permission to recruit through an endocrinology clinic was also obtained. 
Incentives were offered for participation. Participants who completed the biobehavioral 
study visit received $40. Participants who completed the interview visit received $20. 
Recruitment Process 
 A two-step recruitment process was used. Interested individuals contacted the PI. 
Eligibility was determined either via telephone questionnaire or online Qualtrics questionnaire. 
Once eligibility was confirmed, telephone consent was obtained. After obtaining telephone 








 Several measures were administered only once at the beginning of the visit. These 
measures are described below. All reported Cronbach’s alpha values were taken from the 
original questionnaire development manuscripts. The small sample size precluded the calculation 
of Cronbach’s alpha values for the current study.  
 Demographics and clinical characteristics. 
 Demographics and clinical characteristics were collected with a 13-item questionnaire 
created for the study. Basic demographics items (e.g., sex/gender, age, race and ethnicity) were 
collected. Clinical characteristics included age of T1D diagnosis and use of continuous glucose 
monitors (CGM) or insulin pumps. Participants were also asked to record the last time they 
checked their blood glucose level and to predict their blood glucose level based on body 
sensations. The purpose of the latter item will be described below.  
 Dispositional mindfulness. 
 Dispositional mindfulness was measured with the Five Facet Mindfulness Questionnaire 
(FFMQ; Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006). This self-report questionnaire 
consisted of 39 frequency scale items across five subscales: observing, describing, acting with 
awareness, nonjudging of inner experience, and nonreacting to inner experience. Responses were 
given on a five-point frequency scale, ranging from “never/rarely true” to “very often or always 
true.” The FFMQ was scored by subscale. Higher scores indicated more mindfulness. The 
measure was validated using college students (i.e., late adolescents and early adults). The 






Perceived stress was measured with the Perceived Stress Scale (PSS), a 14-item self-
report questionnaire (Cohen, Kamarck, & Mermelstein, 1983). Responses were given on five-
point frequency scale, ranging from “never” to “very often,” and summed for a total score. 
Higher scores indicated more stress. This measure was validated in college students. Internal 
consistency was acceptable; Cronbach’s alpha ranged from .84 to .86. 
 Type 1 diabetes self-management behaviors. 
 The Diabetes Self-Management Profile self-report questionnaire (DSMP-SR) was used to 
assess T1DM self-management behaviors over the previous three months (Wysocki, Buckloh, 
Antal, Lochrie, & Taylor, 2012). Behaviors assessed included—but were not limited to—blood 
glucose self-monitoring, insulin dose adjustment, physical activity, and eating habits. The 
DSMP-SR consisted of 24 self-report items, which were adapted from an interview format. Item 
scores were summed to a total score. Higher scores indicated T1D self-management behaviors 
more in line with recommended behaviors. The version used in this study was adapted by Mayer-
Davis et al. (2018) to accommodate both insulin injectors and insulin pump users. Although this 
measure was validated in adolescents with T1D younger than 18 years old, my dissertation 
committee agreed it was the best available measure. Internal consistency was acceptable; 
Cronbach’s alpha was .82 in the Wysocki et al. study and .88 in the Mayer-Davis et al. study 
(Kichler et al., 2018). 
 Glycemic control. 
 Glycated hemoglobin (HbA1c) percentage was used as an index of glycemic control. A 




taken by fingerstick (Siemens Medical Solutions USA, 2016). The DCA Vantage was able to 
detect HbA1c percentages between 2.5 and 14. 
Physical activity. 
Physical activity was measured with the International Physical Activity Questionnaire 
(IPAQ) short form, which is valid and internally consistent for use with college students (Dinger, 
Behrens, & Han, 2006). The IPAQ was originally included to control for the potential effect of 
physical activity on the heartbeat detection task (HBDT) described below. However, due to 
inadequate statistical power and very little variability in HBDT data, the IPAQ data was not 
used. 
Repeated Measurements (Biobehavioral Battery) 
 A set of four variables were measured across four time points described in the Data 
Collection section. The set of these measurements were referred to as the ‘biobehavioral battery.’ 
The biobehavioral battery included measures of stress response and interoception. 
 Stress response. 
 Salivary cortisol concentrations and respiratory sinus arrhythmia were used to index 
stress response. To measure salivary cortisol, a sterile swab was placed in the participant’s mouth 
until it was saturated with saliva, approximately 90 seconds. The swab was transferred to a 
salivette tube. Salivette tubes for all participants were stored at -80°C until they were analyzed 
using an immunoassay kit by a Biobehavioral Laboratory technician. The Salimetrics (State 
College, PA) immunoassay kit required 25 µL of saliva and could detect a minimum cortisol 
concentration of 0.007 µg/dL (Salimetrics, n.d.). All samples were analyzed in duplicate with 
less than 15% variation between duplicates. Reported salivary cortisol values are the mean 




 Respiratory sinus arrhythmia was calculated from electrocardiographic (ECG) recordings 
taken during the first five minutes of each time point. One of two mobile devices was used to 
collect ECG data: the CardioMobile (MindWare Technologies, Westerville, OH) or Actiwave 
Cardio (CamNtech, Boerne, TX). The CardioMobile was the primary device; however, the 
Actiwave Cardio was used when the former was unavailable. ECG recordings from these devices 
were imported into the heart rate variability software, HRV (version 3.1.4, MindWare 
Technologies). Because HRV automatically identified the R waves in the ECG recordings, data 
cleaning involved correcting any missed or misidentified R waves. In some cases, noise in the 
ECG recordings prevented the identification of R waves. If noise prevented R wave 
identification for a cumulative minute or more, the recording for that time point was considered 
unusable. 
 Interoception. 
 Cardiac and glycemic interoceptive accuracy were used to operationalize interoception. 
Cardiac interoceptive accuracy was measured using heartbeat detection task (HBDT) described 
by Schandry (1981). Participants were asked to predict their heart rates (HR) without touching 
any part of their bodies over four successive periods lasting 25, 35, 45, and 55 seconds. The 
actual heart rates of the participants were derived from ECG recordings using the equipment 
described in the previous section. The accuracy of each participant’s cardiac interoceptive 
accuracy was calculated with the following equation: 
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This equation has been used in several other studies (e.g., Herbert, Muth, Pollatos, & Herbert, 




 Glycemic interoceptive accuracy was measured using the glycemic prediction task 
(GPT). Participants were asked to predict their blood glucose (BG) level based only on body 
sensations. The actual value was measured from a fingerstick blood sample using an Assure 
Platinum multi-patient glucometer (Arkray USA, Minneapolis, MN). According to the 
manufacturer’s documentation, laboratory reference testing showed 53% of blood glucose values 
above 75 mg/dL to be accurate to ±5%; however, some values were accurate to ±20% (Arkray 
USA, 2014). Each participant’s glycemic interoceptive accuracy was calculated with the 
following equation:  
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Acceptability and Feasibility Measurements 
 Acceptability was measured with an anonymous feedback questionnaire created for this 
study. It consisted of eight Likert scale items about the recruitment process, data collection 
procedures, incentive, and likelihood of participating in the interview visit. Participants were also 
invited to provide free responses about their experience being recruited for and participating in 
the study. 
 Feasibility was tracked through documentation. Contacts with potential recruitment 
partners and participants were kept in spreadsheets and Qualtrics forms. Reasons for missing 
data were noted in REDCap or elsewhere. Other issues (e.g., technology problems) were 
documented in emails. 
Data Collection 
 Biobehavioral visit. 
Individuals were asked to provide written informed consent upon arrival. Consented 




clinical characteristics questionnaire, participants were asked to perform an initial glycemia 
prediction task as described above. Glycated hemoglobin was also measured as described above. 
Based on a study that showed that the Trier Social Stress Test (TSST) affected blood glucose 
levels in individuals with T1D who ingested carbohydrates but not those who were fasted, 
participants were asked to consume a nutritional shake containing 32 grams of carbohydrates and 
administer insulin per their usual routine (Wiesli et al., 2005). Thirty minutes after completing 
the nutritional shake and administering insulin, the baseline (T1) biobehavioral battery was 
performed. As described in detail below, the TSST commenced. Directly after the TSST (T2), 
the biobehavioral battery was repeated. After this battery, the purpose of the TSST was explained 
to the participants. The biobehavioral battery was repeated two more times at 10-minute intervals 
(T3 and T4). These 10-minute intervals were standard for cortisol measurement post-TSST 
(Bluth et al., 2016; Kirschbaum, Pirke, & Hellhammer, 1993). When not engaged in the battery, 
participants rested quietly. At the conclusion of biobehavioral data collection, participants were 
asked to complete the anonymous feedback questionnaire. 
Trier Social Stress Test.  
A modified version of the Trier Social Stress Test (TSST) was used in this study to 
induce a stress response and manipulate blood glucose level. The TSST can slow the decline of 
blood glucose levels over the test period (Wiesli et al., 2005). The effect of the TSST on blood 
glucose levels over the study period was expected to be modest; however, any effect would 
reduce the probability that participants accurately guessed their blood glucose level based on the 
last known level. 
The original version of the TSST has been shown to produce significant psychosocial 




2016; Frisch, Häusser, & Mojzisch, 2015). The original TSST consisted of the following phases: 
(a) 10 minutes of rest; (b) 10 minutes of preparation for a job pitch to a three-person panel of 
supposed experts in front of a video camera and microphone; (c) five minutes to give the job 
pitch; (c) five minutes to serially subtract 13 from 1022; and (d) 30-70 minutes of rest, at the 
beginning of which research staff explain the deception involved in the TSST (Kirschbaum et al., 
1993). The individuals comprising the panel maintained blunted, matter-of-fact (i.e., unfriendly) 
affects. If individuals ran out of job pitch material before the five-minute period ended, the panel 
requested the participant to continue their pitch. If an error was made during the serial 
subtraction task, the panel requested that the participant restart from the beginning. 
In the modified version, participants were told that their performance was being video 
and audio recorded for later analysis by an expert in verbal and non-verbal language. I was 
responsible for all interactions during the participants instead of an expert panel. The TSST was 
performed in a room with six wall-mounted cameras and a ceiling-mounted microphone. 
Camera-based variants of the TSST have been shown to produce significant stress responses 
(Düsing et al., 2016; Quirin, Kuhl, & Düsing, 2011). Because one goal of this study was to 
explore how the increased stress and stress response relates to cardiac and glycemic 
interoception, maximum salivary cortisol level—not recovery rate—was of primary interest; 
thus, the rest period was be abridged. Maximum salivary cortisol level was expected to occur 
within the 20-minute rest period after the TSST (Kirschbaum et al., 1993; Quirin et al., 2011; 
Wiesli et al., 2005). 
 Interview visit. 
A qualitative descriptive method was used to explore the relationship of body sensations 




behavior (Willis, Sullivan-Bolyai, Knafl, & Cohen, 2016). Each interview was audio recorded 
with permission from the participants. A semi-structured interview guide was used, beginning 
with the prompt: “Tell me how body sensations influence your self-management of type 1 
diabetes in day-to-day life.” Participants were then asked to describe the body sensations they 
associated with hypo-, eu-, and hyperglycemia and how those sensations influenced their self-
management behaviors. Because the participants were the experts on their own experience, I 
minimized my attempts to structure the interview. Open-ended interview guide prompts and 
probing questions (e.g., “What was it like?” or “Was that important to you?”) were used to guide 
the participant toward answering the research questions without leading their responses. 
Data Analysis 
 Statistical power and theoretical saturation. 
As mentioned above, the sample size was based on feasibility, not statistical power for 
hypothesis testing. However, for perspective, with 80% power and an alpha of 0.05, a correlation 
of 0.49 or higher could be detected in 30 participants with T1D. Participants were invited to be 
interviewed until theoretical saturation was reached, which was predicted to occur with 
approximately 10 interviews (Bowen, 2008). 
Quantitative procedures. 
 All statistical analyses were performed in SPSS (version 26.0). Descriptive statistics were 
calculated for all variables. Means and standard deviations were calculated for continuous data. 
Percentages were calculated for categorical data. Although statistical tests were not expected to 
be adequately powered, exploratory tests were performed. Pearson correlations among all 
continuous variables were calculated. When data were dichotomized—as described below—




interest and Fisher’s exact tests were used for categorical variables of interest. Because the actual 
sample size was very small and the tests were considered exploratory, the level of significance 
was set at alpha	< .1. 
 In the absence of adequate statistical power for mixed models, plots were used to visually 
analyze repeated measures data. All study measures for mindfulness, interoception, and stress 
were dichotomized to create high and low groups. In the absence of meaningful dichotomization 
points, median split was used. Additionally, interview data were assessed to determine whether 
participants grouped together based on body sensations associated with hypo, eu-, or 
hyperglycemic states or their self-management behaviors in response to those states. These 
groups were used for comparisons. The mean values for biobehavioral battery measurements of 
each group were plotted for each time point. These plots were assessed for any remarkable visual 
trends. 
 Qualitative procedures. 
 All interviews were transcribed and analyzed in MAXQDA2020 (version 20.0.3). 
Interview audio files were transcribed verbatim by the PI. Transcripts were analyzed using 
conventional qualitative content analysis (Hsieh & Shannon, 2005). Each transcript was read 
several times. A priori coding was not used, as approaching the data without expectation is 
central to conventional qualitative content analysis (Hsieh & Shannon, 2005). In vivo codes were 
extracted from the text. If in vivo codes were not used, I tried to keep the inductive code as close 
to the participant’s words as possible. These codes were then organized into categories based on 
emerging relationships (Hsieh & Shannon, 2005). The ultimate goal was to understand how the 




To reduce the risk of bias, I practiced reflexivity by acknowledging my assumptions prior to data 




CHAPTER 4: FINDINGS 
Aim 1 
The first aim of the study was to identify the best strategies for recruitment, retention, 
data collection, data analysis, and data management to inform future studies in this program of 
research. The core of this aim was to assess the initial feasibility and acceptability of study 
procedures. Issues of feasibility and acceptability are reported in the sections below. 
Recruitment and Retention 
 The recruitment goals outlined in Chapter 3 were not achieved. Of the expected 30 
participants, only nine were recruited. Five individuals completed the biobehavioral visit and the 
interview. One individual completed only the biobehavioral visit. Two individuals completed 
only the interview—although one of them also completed the questionnaires. One individual 
partially completed biobehavioral visit. Additionally, goals for racial and ethnic inclusivity were 
not met. All but one participant identified as White and non-Hispanic (Table 4.1). 
 Recruitment support was provided by only some organizations and individuals. 
Administrators at two of the six targeted campus health clinics agreed to post flyers and notify 
providers about the study. One College Diabetes Network (CDN) chapter agreed to have me 
present my study and pass out flyers at a chapter meeting. The local JDRF chapter agreed to 
advertise the study on their Facebook page and in their newsletter. A provider at an 
endocrinology clinic posted flyers in the waiting room and permitted me to talk to potential 





Demographics and Clinical Characteristics 
Age in years a 21.00 (0.52) 
Gender b 
  Female 




Race and ethnicity b, c 
  Asian 
  White 





Married b, c 
  Yes 
 
12.5% (1) 
Parent or legal guardian of child b, c 
  No 
 
100% (6) 
Age at T1D diagnosis in years a, d 10.14 (5.18) 
Duration of T1D in years a, d, e 11.29 (4.82) 
Uses insulin pump b 
  Yes 
 
87.5% (7) 
Uses continuous glucose monitor b 
  Yes 
 
62.5% (5) 
Note. a reported as mean and standard deviation in parentheses; b reported as percent of total sample (n=8) 
and number of responses in parentheses; c two responses missing; d one response missing; e calculated based 
on current age and age of T1D diagnosis 
Recruitment strategies generated few inquiries about participation. Response rates for 
most strategies could not be calculated because the number of individuals reached was unknown; 
however, a response rate for the Carolina Data Warehouse for Health (CDW-H) letters was 
roughly 5%. Of the approximately 80 individuals contacted, four inquired about participation. 
Table 4.2 shows the proposed recruitment strategies and the number of inquiries and enrollments 




presentation to individuals at a CDN chapter meeting generated 50% of the total inquiries and 
resulted in 67% of enrollments. The remaining 33% of enrollments resulted from JDRF chapter 
advertisements, university mass email, and a diabetes care provider referral. Three individuals 
who inquired about participation were ineligible. 
Table 4.2 
Recruitment Strategies and Their Yields 
Strategy Total Inquiries Enrolled 
Carolina Data Warehouse for Health letter 4 3 
College Diabetes Network chapter presentation 4 3 
JDRF chapter advertisement 2 1 
University mass email 2 1 
Snowball or word-of-mouth  2 0 
Diabetes care provider referral 1 1 
Unknown 1 0 
Campus health center or diabetes clinic flyers 0 0 
 
Recruitment processes were acceptable to participants. As shown in Table 4.3, on 
average, participants agreed or strongly agreed that recruitment flyers captured their interest and 
that recruitment emails and calls were timely and helpful. One participant responded with 
“disagree” to the following item: “The research team called me to get phone consent and 
schedule an appointment in a timely manner.” In the free response section, however, the 
participant qualified their disagreement, writing that my apology mitigated any trouble related to 
the delayed call, which occurred because I overlooked the individual’s contact information and 
did not identify my error until several days after receiving the information. 
 Some participants offered recruitment help or advice in their free responses on the 




or that they thought other people with T1D would be interested in participating. To that end, one 
individual suggested that I needed to be more aggressive with my recruitment strategies to reach 
potential participants—although recruitment was “easy and effective” for them. 
Table 4.3 
Means and Standard Deviations (SD) of Feedback Questionnaire Responses (n=6) 
Item Mean SD 
The recruitment flyer made me want to learn more 
   about the study 
3.50  0.55 
The research team responded to my request for more 
  information about the study in a timely manner 
3.83 0.41 
The research team called me to get phone consent  
  and schedule an appointment in a timely manner 
3.33 0.82 
The research team gave me the opportunity to ask  
  questions 
4.00 0.00 
The research team explained the study procedures  
  clearly 
4.00 0.00 
Completing the questionnaires in REDCap was easy 3.50 0.84 
Based on what I was asked to do in the study visit  
  today, $40.00 was a fair incentive 
4.00 0.00 
Based on my experience during the study visit  
  today, I would participate in the interview (second    
  study visit) if asked 
4.00 0.00 
Note. Items rated on a four-point scale, where 1 indicated strong disagreement and 4 indicated strong 
agreement. 
 
Retention was good. All five participants who were invited to be interviewed after the 
biobehavioral visit agreed to do so. Two participants, however, could be considered dropouts. 
After partially completing the biobehavioral visit, one participant did not respond to requests to 




another participant completed the interview instead; however, a subsequent biobehavioral visit 
could not be coordinated with them.  
Data Collection, Analysis, and Management 
 In most cases, the study procedures allowed the planned collection of data. As seen in 
Table 4.4, there were several isolated problems; however, the electrocardiogram (ECG) 
technology was a repeated barrier to data collection. Recurring problems with the CardioMobile 
battery and the university computer to which it synced resulted in the delay or cancellation of 
several biobehavioral visits. However, when the setup worked, the quality of the ECG 
waveforms was consistently excellent, requiring little-to-no data cleanup. To minimize 
disruption to data collection when the CardioMobile setup did not work, the Actiwave device 
was used. Although it worked reliably, the ECG waveform was relatively noisy. Four respiratory 
sinus arrhythmia (RSA) data points from one participant were lost due to unusable waveforms. 
Table 4.4 
Causes of Missing Biobehavioral Data 
Cause Number of missing data points 
Principal Investigator 
Inadequate data backup 16 
Participant 
Incomplete study visit 8 
Inadequate saliva volume 4 
Technology 
Data collection application crash 5 
Unusable ECG waveform 4 
University computer data loss 8 
Note. ECG = electrocardiogram 
 
 The data collection process was acceptable to participants. In their free responses on the 
feedback questionnaire, all but one participant expressed that they enjoyed the visit. Only a few 




TSST. Another participant thought some of the questionnaire items—particularly those about 
insulin administration in the Diabetes Self-Management Profile – Self-Report (DSMP-SR) 
questionnaire—were confusing. Lastly, one participant stated that the observation suite room 
arrangement and equipment setup were barriers to their visit; however, details were not provided. 
As shown in Table 4.3, they all agreed or strongly agreed that procedures were clearly explained, 
REDCap was easy to use, and the cash incentive amount was fair.  
 The adequacy of data analysis procedures could not be fully evaluated. Because the 
actual sample size for quantitative analysis was about 20% of the proposed sample size, analyses 
had very weak statistical power. Although plots were useful in identifying potentially meaningful 
trends in biobehavioral data over time, the small sample size and missing data precluded the use 
of mixed models to test their statistical significance. 
 The adequacy of data management procedures was mixed. REDCap reliably organized 
and stored study data captured with REDCap applications. I, however, failed to maintain 
redundant backups of all data, which resulted in the loss of ECG data for two participants. 
Aim 2 
 The second aim of the study was to explore preliminary trends in the relationships of 
mindfulness, interoception, and stress to T1D self-management among late adolescents and early 
adults. The means and standard deviation for each measure of mindfulness, interoception, stress, 
and T1D self-management are reported in Table 4.5. 
Whole-Sample Analyses 
 According to the analysis plan, correlations of magnitudes greater than r = .3 were to be 




than r = .3—though few reached statistical significance. The contextual significance of some of 
these statistically insignificant correlations will be discussed in the next chapter. 
Table 4.5 
Descriptive Statistics for Primary Study Variables 
Measure (possible score range) n Mean SD 
Mindfulness (FFMQ Subscales) 
Observing (8-40) 8 29.13 5.17 
Describing (8-40) 8 26.25 6.73 
Acting with awareness (8-40) 8 28.25 4.50 
Nonjudging of inner experience (8-40) 8 28.00 5.73 
Nonreactivity to inner experience (7-35) 8 21.75 3.06 
Interoception 
Average HBDT a 4 0.98 0.01 
Average GPT a 6 0.78 0.15 
Stress 
PSS (0-56) 8 34.38 3.50 
Average cortisol a 5 0.17 0.08 
Average RSA a 3 6.57 1.05 
T1D Self-Management 
DSMP-SR (0-93) 8 57.00 5.18 
HbA1c % 7 7.20 0.81 
Notes. a mean value across all Trier Social Stress Test time points. HBDT = heartbeat detection task,  
GPT = glycemia prediction task, PSS = Perceived Stress Scale, RSA = respiratory sinus arrhythmia, 
DMSP-SR = Diabetes Self-Management Profile, self-report, HbA1c = glycated hemoglobin 
 
Few correlations or differences were statistically significant. None of the relationships of 
mindfulness, interoception, and stress to T1D self-management were statistically significant. 
Only one T1D self-management correlation was statistically significant: T1D self-management  
 
Table 4.6 
Pearson Correlations for Selected Demographics, Clinical Characteristics, Mindfulness, Interoception, Stress, and T1D Self-Management Variables 
Variable n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Demographics and Clinical Characteristics 
1. Age 8 —              
2. Duration of T1D 
diagnosis 
7 .12 —             
Mindfulness (FFMQ Subscales) 
3. Observing 8 .35 .02 —            
4. Describing 8 .46 -.15 .90*** —           
5. Acting with 
awareness 
8 .55 .16 .68* .80** —          
6. Nonjudging of  
    inner experience 
8 .40 .22 -.08 .11 .54 —         
7. Nonreactivity to  
    inner experience 
8 -.11 -.18 .23 .13 .47 .41 —        
Interoception 
8. Average HBDTg  4 -.25 .24 -.58 -.73 -.62 .27 -.48 —       
9. Average GPTg 6 .64 .92* a .46 .33 .52 .20 -.07 -.03b —      
Stress 
10. PSS 8 -.40 .18 -.03 -.07 -.49 -.79* -.75* .33 .04 —     
11. Average cortisol 5 -.01 -.97 b -.16 -.02 .02 .57 .46 .98d -.69 -.57 —    
12. Average RSA 3 -.88 -.97 1.0** .88 -.85 1.0** .85 -.16 -.97 .99e -f —   
T1D Self-Management 
13. DSMP-SR 8 .68* -.12 .14 .04 -.03 -.18 -.16 -.42 .05 -.18 -.30 -.03 —  
14. HbA1c % 7 -.49 -.63c -.17 -.06 -.60 -.50 -.51 .05 -.68 .55 .37 .97 -.20 — 
Notes. *p<.1; **p<.05; ***p<.01; a n=5; b n=4; c n=6; d n=3; e p=.104; f n=2; g mean value across all TSST time points; FFMQ = Five Facet 
Mindfulness Questionnaire; T1D = type 1 diabetes; HBDT = heartbeat detection task; GPT = glycemia prediction task; RSA = respiratory sinus 





behaviors increased with age. Participants who used continuous glucose monitors (CGM) had 
lower HbA1c percentages (M = 6.78, SD = 0.79) than those who did not use CGM (M = 7.77, 
SD = 0.42), t(5) = 1.95,  p = .11; however, this relationship was only marginally significant. 
Setting aside T1D self-management, there were several statistically significant findings. 
Female participants had higher glycemia prediction task (GPT) accuracies (M = .91, SD = .01) 
than male participants (M = .65, SD = .06), t(4) = 7.07, p < .01. Female participants also had 
longer T1D diagnosis durations (M = 13.40, SD = 3.65) than their male counterparts (M = 6.00, 
SD = 2.83), t(5) = 2.53, p = .05. Participants who used CGM (M = 19.40, SD = 3.85) reported 
lower perceived stress than those who did not use CGM (M = 29.33, SD = 8.62), t(6) = 2.31, p = 
.06. Lower levels of perceived stress were associated with higher levels of two facets of 
mindfulness (nonjudging of inner experience and nonreactivity to inner experience). Higher 
average RSA was also associated with higher levels of two facets of mindfulness (observing and 
nonjudging of inner experience). 
Subsample Analyses 
As described in the previous chapter, the biobehavioral battery findings were visually 
analyzed by comparing plots of those data dichotomized on a particular variable. Exploratory 
statistical tests were performed to assess for differences in group means; however, the small 
sample size and missing data precluded the use of mixed models to compare means across time 
points. High and low groups for facets of mindfulness, heartbeat detection task (HBDT) 
accuracy, GPT accuracy, perceived stress and T1D self-management behaviors were created. If 
data did not obviously cluster into high and low groups, then median split was used. In most 
cases, dichotomization did not affect trends in biobehavioral battery data; plots for each category 




Additionally, for most dichotomizations, independent-samples t-tests did not support differences 
in T1D self-management behaviors or glycemic control. Only two dichotomizations produced 
statistically significance differences in T1D self-management variables: the acting with 
awareness and nonjudging of inner experience facets of mindfulness. Dichotomization on GPT 
accuracy did not produce differences in T1D self-management variables; however, the high and 
low groups did significantly differ in T1D diagnosis duration. The biobehavioral battery findings 
for the two aforementioned facets of mindfulness and GPT accuracy dichotomizations will be 
discussed in below. 
Dichotomization by median split on the acting with awareness and nonjudging of inner 
experience facets of mindfulness produced a few noteworthy findings. Because high and low 
group membership was identical for both facets, the findings were identical for both facets. 
Statistically significant differences between the groups are listed in Table 4.7. Figure 4.1 shows 
biobehavioral battery findings over the course of the Trier Social Stress Test (TSST). Panel (a) 
shows HBDT and GPT accuracy scores. Although the group differences for HBDT accuracy 
were unremarkable, the high mindfulness group maintained high GPT accuracy across all time 
points. Panel (b) shows salivary cortisol concentrations. The high mindfulness group had a larger 
mean increase in salivary cortisol concentration during the stressor period of the TSST (T1 to 
T2) and a larger decrease during the recovery period (T2 to T4). Panel (c) show RSA values. 
RSA remained lower for the high mindfulness groups than the low mindfulness groups across all 
time points. 
Participants clustered into high GPT accuracy and low GPT accuracy. Members of the 
high accuracy group scored higher than 0.9 at two or more time points. Members of the low 





Statistically Significant Differences Between High and Low Groups of Dichotomized Variables 
 High Group  Low Group   
Variable n M SD  n M SD t p 
 Acting with Awareness and Nonjudging of Inner Experience (FFMQ Subscales) 
GPT (T1) 3 0.81 0.25  4 0.74 0.07 -2.29 .07 
HbA1c % 3 6.60 0.87  4 7.65 0.41 2.17 .08 
 Nonreacting to Inner Experience (FFMQ Subscale) 
PSS 4 17.75 2.22  4 28.50 7.00 2.92 .03 
Cortisol (T3) 3 0.24 0.08  2 0.10 0.01 -2.31 .10 
 Perceived Stress (PSS) 
Nonjudging of inner 
experience 
3 23.67 6.66  5 30.60 3.58 1.70 .10 
Nonreacting of inner 
experience 
3 19.33 1.53  5 23.20 2.86 2.12 .08 
Cortisol (T3) 3  0.10 0.01  2 0.24 0.08 4.96 .10 
 Glycemic Accuracy (GPT) 
Duration of T1D 
diagnosis 
3 15.33 3.51  3 7.33 3.01 -2.98 <.01 
GPT (T2) 3 0.89 0.08  4 0.64 .07 -4.51 .01 
GPT (T3) 3 0.94 0.05  3 0.59 0.10 -5.51 .01 
GPT (T4) 3 0.96 0.05  3 0.56 0.09 -7.08 <.01 
 Aversion to Hypo- or Hyperglycemia a 
Nonjudging of inner 
experience 
2 33.00 4.24  3 22.67 5.03 -2.37 .10 
HbA1c % 2 6.10 0.00  3 7.77 0.42 5.37 .01 
Notes. a High group = aversion, low group = no aversion. CGM = continuous glucose monitor; GPT = glycemia 
prediction task; HbA1c = glycated hemoglobin; PSS = Perceived Stress Scale; FFMQ = Five Facet Mindfulness 
Questionnaire; T1D = type 1 diabetes. 
          
          
high accuracy group were female. Statistically significant differences between the groups are 
listed in Table 4.7. The biobehavioral battery findings over the course of the TSST are shown in 
Figure 4.2. Panel (a) shows the HBDT and GPT accuracy scores across the TSST time points.  
There were no remarkable differences in HBDT accuracy between groups. GPT accuracy of the 
high accuracy group increased over time, whereas GPT accuracy of the low accuracy group 





Biobehavioral Battery Results Dichotomized by Acting with Awareness and Nonjudging of Inner Experience 
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Notes. AWA = acting with awareness; GPT = glycemia prediction task; HBDT = heartbeat detection task;  
NJIE = nonjudging of inner experience; RSA = respiratory sinus arrhythmia; TSST = Trier Social Stress Test 
 
closer to the start of the study visit than members low group; however, the difference was not 
statistically significant, t(5) = 0.96, p = .38. Panel (b) shows salivary cortisol concentrations 
across the TSST time points. With the exception of T2, the group values varied similarly over  
time. At T2, salivary cortisol concentration spiked in the low accuracy group. Panel (c) shows 
the RSA across the TSST time points. RSA values gradually increased in the high accuracy 
group, while they gradually decreased in the low accuracy group; the groups nearly converged at 
T4.  
In addition to dichotomizing on questionnaire and biobehavioral data, interview data 
were used to generate another category: aversion to hypo- or hyperglycemia. This category was 
based on a simple score. Using a starting score of 0, aversion to hypo- or hyperglycemia was 
scored by deducting one point for each mention of disliking, fearing, avoiding, or aggressively 
treating low blood glucose levels, while adding one point for each mention of disliking, fearing, 
avoiding, or aggressively treating high blood glucose levels. Three participants had a net score of 
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Notes. GPT = glycemia prediction task; HBDT = heartbeat detection task; RSA = respiratory sinus arrhythmia; 
TSST = Trier Social Stress Test 
 
the other was more averse to hyperglycemia. To avoid single case comparisons, the category was 
dichotomized as those who did not have a particular aversion to either extreme versus those who 
did. Statistically significant differences between the groups are listed in Table 4.7. The 
biobehavioral battery findings over the course of the TSST are shown in Figure 4.3. Panel (a) 
shows the HBDT and GPT accuracy scores. There were no remarkable differences in HBDT 
accuracy between groups. With exception of T2, GPT accuracy tended to increase over time for 
the aversion group, whereas it decreased in the no aversion group. A noteworthy decrease in 
GPT accuracy was observed in the aversion group at T2. Panel (b) shows salivary cortisol 
concentrations across the TSST time points. Salivary cortisol concentrations peaked at T2 for the 
no aversion group, whereas it peaked at T3 for the aversion group. The magnitude of the 
concentration increase and the rate of recovery were greater for the aversion group than the no 
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Notes. GPT = glycemia prediction task; HBDT = heartbeat detection task; RSA = respiratory sinus arrhythmia; 
TSST = Trier Social Stress Test 
 
 
increased over the course of the TSST for both groups, though the aversion group’s RSA level 
remained remarkably lower than the no aversion group’s level. 
Group membership for the mindfulness (viz., the acting with awareness and nonjudging 
of inner experience facets), GPT accuracy, and aversion to hypo- or hyperglycemia dichotomies  
were consistent. Considering participants who completed both the biobehavioral and interview 
visits, membership in the mindfulness and aversion groups was identical. Two of three members 
of the high GPT accuracy group were also members of the high mindfulness and aversion 
groups. The other member of the high GPT accuracy group was a member of the low 
mindfulness and no aversion group.  
Because there were no statistically significant differences in T1D self-management 
behaviors for any dichotomization, interview data were explored for factors that might explain 
the differences in GPT accuracy and HbA1c percentages. More specifically, codes shared by 
















members of the high GPT accuracy group but shared by none of the low GPT accuracy group: 
“high detail self-management.” This code was assigned to passages about quantitative 
calculations or highly specific considerations used to make T1D self-management decisions 
(e.g., the effect of one unit of insulin on blood glucose levels, the time course of insulin action, 
rate of blood glucose level change, or percentage of time spent in a given blood glucose range). 
When comparing the three members of the high GPT accuracy group, the two that were members 
of the high mindfulness and aversion groups endorsed checking their blood glucose level via 
CGM frequently (e.g., “all the time”), whereas the member of the low mindfulness and no 
aversion groups endorsed checking every few hours—particularly around meals. The same two 
members also mentioned that they avoided over-treating excursions from their ideal blood 
glucose range, which was not mentioned by the other interview participants.  
Aim 3 
 The third aim of the study was to explore the body sensations associated with hypo-, eu-, 
and hyperglycemic states and how those body sensations influence T1DM self-management 
behaviors among late adolescents and early adults. Seven participants were interviewed. 
Interview durations ranged from nine to 29 minutes. Considering the small amount of variation 
in information relevant to the study aim, I believe theoretical saturation was achieved. 
 Table 4.8 shows the numbers of interviewees who endorsed experiencing particular signs 
or symptoms of hypo- or hyperglycemia. No sign or symptom for either glycemic state was 
endorsed by all interviewees. Each interviewee typically listed three or four signs or symptoms 
per glycemic state. Three signs or symptoms were endorsed for both hypo- and hyperglycemia—





 Some symptoms described by interviewees were categorized in Table 4.8. In particular, 
none of the interviewees uttered the phrase “cognitive impairment.” Instead, some individuals 
reported feeling “loopy” or “confused” or like they were in “slow motion.” In regard to visual 
anomalies, one interviewee reported white patches in their visual field with hypoglycemia, while 
the other reported blurry vision with hyperglycemia. 
Table 4.8 
Number of Interviewees Endorsing Signs or Symptoms of Hyperglycemia or Hypoglycemia 
Signs or Symptoms Number 
Hyperglycemia 
Sluggishness/tiredness 5 
Frequent urination 4 















Loss of motor coordination 1 
Molasses feeling 1 
Pallor 1 
Rapid speech 1 
Shortness of breath 1 
Visual anomaly 1 
Zombie 1 
 
Interviewees found describing their body sensations during euglycemia difficult. In 




They did not associate any particular body sensation with being within their recommended blood 
glucose range. One interviewee said, “I mean, I hate to say I feel normal, but it's the like absence 
of all those other things.” 
 Only one theme emerged regarding the relationship of hypo- or hyperglycemic symptoms 
to T1D self-management behaviors. If they felt a symptom of hypo- or hyperglycemia, they 
checked their blood glucose level—regardless of the particular symptom experienced. No 
particular symptom induced checking more than another. One interviewee said, “If I'm really 
feeling any symptom at all, then I will check.” Another said, “It's basically all the symptoms will 
lead me to the fact that I'm low. But there isn't usually a symptom that will tell me: ‘Okay. I'm 
this low for this reason.’ I'll treat it basically the same way. Like a low is a low.” 
There were a few exceptions to the major theme. Three interviewees admitted that they 
would drink juice or milk before checking their blood glucose level if they were confident that 
they were experiencing hypoglycemia. However, two of them stated that they would check their 
blood glucose level afterward. One interviewee stated that they would treat hypo- or 
hyperglycemia based on body sensations during the night. If they felt hypoglycemic, they would 
drink something and go back to bed. This individual would also base their insulin dose on the 
number of times they needed to get out of bed to urinate instead of checking their blood glucose 
level. 
 A few key findings were reported in this chapter. In particular, actual recruitment fell 
substantially short of the recruitment goal, which significantly limited statistical power. Despite 
limited statistical power, participants with high levels of two facets of mindfulness had better 
glycemic control than those with low levels of mindfulness. In interviews, participants endorsed 




sensation motivated any particular T1D self-management behavior. In the next chapter, these 




CHAPTER 5: DISCUSSION 
Introduction 
 The purpose of this study was to evaluate a protocol for examining the relationships of 
mindfulness, interoception, and stress to type 1 diabetes (T1D) self-management among late 
adolescents and early adults and to explore trends in those relationships. Aim 1 was to evaluate 
the strategies for the recruitment of participants and the collection, management, and analysis of 
study data. Although the strategies were acceptable to participants, study feasibility was 
questionable due to the failure to achieve the recruitment goal. Aim 2 was to explore preliminary 
trends in the relationships of mindfulness, interoception, and stress to T1D self-management. 
Although there were no statistically significant correlations of mindfulness, interoception, or 
stress to T1D self-management, dichotomization revealed that individuals with high levels of the 
acting with awareness and nonjudging of inner experience facets of mindfulness had 
significantly better glycemic control than those with low levels. Analyses also showed that: (a) 
females more accurately predicted their blood glucose levels than males; (b) individuals who 
used continuous blood glucose monitors had lower perceived stress than those who did not; and 
(c) individuals with particular aversions to hypo- or hyperglycemia had better glycemic control 
than those who did not. Aim 3 was to explore the body sensations associated with hypo-, eu-, and 
hyperglycemia and how those sensations influenced T1D self-management behaviors. Although 
body sensations associated with each glycemic state varied across participants and no particular 
sensation was associated with a particular behavior, all participants reported that they checked 




Some of the findings of this study were unexpected. Methodological challenges 
necessitated cautious interpretation. In the following sections, I will contextualize the findings of 
each study aim, discuss the strengths and limitations of the study methods, and make concluding 
remarks about this study’s implications for future research. 
Aim 1 
 Several issues were identified regarding study procedures; however, the failure to meet 
the recruitment goal dwarfed their significance. Other issues with the study protocol will be 
discussed in a later section; this section will be dedicated to understanding the recruitment 
outcome. Although I expected recruitment to be challenging, I did not expect the final deficit 
between the actual and proposed sample sizes. After consulting with the endocrinologist on my 
dissertation committee, we concluded that the absence of late adolescents and early adults in the 
diabetes care setting was a significant barrier. 
Although T1D is not rare, it is not common. Based on the Centers for Disease Control 
and Prevention’s National Health Interview Survey, which is representative of the United States 
population, approximately 0.45% of individuals 18 to 29 years old had T1D in 2016 (Bullard et 
al., 2018). To reach this small population, recruitment strategies needed to be highly targeted. 
Although one might reasonably assume that individuals with T1D could most reliably be 
contacted in the endocrinology clinic setting, this assumption may be less applicable to late 
adolescents and early adults than other developmental groups. During late adolescence and early 
adulthood, individuals transfer from pediatric to adult endocrinology care. A systematic review 
by Lyons, Becker, and Helgeson (2014) reported that endocrinology visit frequency declines 
after the transfer to adult care. Additionally, in a survey of 258 early adults (22 to 30 years old), 




last pediatric endocrinologist visit and their subsequent adult endocrinologist visit. Consequently, 
recruitment may need to occur in multiple, large clinics to reach a sufficient number of potential 
participants for a statistically powered study. 
With respect to late adolescents and early adults with T1D, recruitment exemplars are 
scarce. To my knowledge, most—if not all— prospective T1D self-management studies for late 
adolescents and early adults in the United States requiring in-person attendance have been pilot 
studies or otherwise statistically underpowered. Most studies requiring in-person attendance 
were interventional. Sample sizes for interventions studies ranged from 13 to 48 (Chase, Garg, 
Hoops, Harris, & Wilcox, 1991; Ellis et al., 2018; Nurick & Johnson, 1991; O'Hara et al., 2017; 
Wdowik, Kendall, Harris, & Keim, 2000). Ellis et al. (2018) recruited 48 participants through 
two major metropolitan endocrinology clinics—though the recruitment goal was 60 participants 
and the recruitment period was unreported. Several descriptive studies of late adolescents and 
early adults have been conducted; however, most of them used mail-, web-, or telephone-based 
data collection, making in-person attendance unnecessary (Fredette, Mawn, Hood, & Fain, 2016; 
Garvey et al., 2013; Garvey et al., 2012; Hanna, Weaver, Slaven, Stump, & Shieh, 2015; 
Ramchandani et al., 2000). Martyn-Nemeth et al. (2017) recruited 37 participants for their 
descriptive study in a major metropolitan area using methods similar to those of the present study 
(e.g., mailed letters, university-based electronic announcements, and flyer distribution to diabetes 
organizations). However, their eligible age range was significantly wider, including individuals 
18 to 35 years of age. Because the Ellis et al. (2018) and Martyn-Nemeth et al. (2017) studies did 
not use remarkably different recruitment strategies than the present study, their recruitment 
outcomes suggested that conducting studies in a metropolitan setting may be advantageous—




Aim 2  
Some of the present study’s findings were coherent and supported by existing research; 
however, several of them were not. In this section, I will set aside levels of significance and 
consider correlations of magnitudes greater than r = .3 within the context of other statistically 
significant study data and extant research. Although a larger, more representative sample might 
remarkably change the magnitude or sign of these correlations and might not affect their 
statistically significance, these correlations should be considered to inform future studies. 
Demographics and Clinical Characteristics 
There were several trends involving demographics and clinical characteristics. Females 
had better glycemic control than males, which is contrary to epidemiological findings (Petitti et 
al., 2009). This finding may be explained by the fact that the female participants tended to be 
older and have longer T1D diagnosis durations, which were associated with better T1D self-
management behaviors and glycemic control. These findings were supported by T1D Exchange-
based studies that showed that self-management behaviors and glycemic control improved with 
age, increasing from their nadirs in the late teens to relatively stable adult values in the mid-to-
late twenties (Clements et al., 2015; Foster et al., 2019). Because age and duration of T1D 
diagnosis were not related, these findings may support the theoretical proposal that the unique 
psychosocial characteristics of late adolescents and early adults (i.e., emerging adults) contribute 
to the quality of T1D self-management. Instead of being a simple matter of practice, T1D self-
management quality may depend on practice as an emerging adult. 
A few noteworthy trends involved CGM use. The inverse relationship between age and 
HbA1c percentage noted above may be partially explained by CGM use, as individuals who used 




0.58), t(6) = -2.56, p = .04. In the present study, the relationship between CGM use and HbA1c 
percentage was only marginally statistically significant; however, it was reported to be 
statistically significant in another large, T1D Exchange-based study (Foster et al., 2019). The 
observed difference in perceived stress based on CGM use was indirectly supported by another 
study, which found that CGM use was associated with lower levels of diabetes-specific 
emotional distress among adolescents (Vesco, Jedraszko, Garza, & Weissberg-Benchell, 2018). 
Mindfulness 
 All facets of mindfulness except nonreactivity to inner experience were related to both 
measures of interoception, average heartbeat detection task (HBDT) and average glycemia 
prediction task (GPT) accuracies.  Curiously—all correlations of mindfulness to HBDT accuracy 
were negative, while those to GPT accuracy were positive. If both HBDT and GPT accuracy 
were indices of a general interoceptive ability, then one might reasonably expect these indices to 
have similar relationships to mindfulness. Setting aside the issue of the very small sample size, I 
believe this unexpected finding was related to a serious limitation of the HBDT, which will be 
discussed in a subsequent section. The positive correlation between mindfulness and GPT 
accuracy was expected because mindfulness and interoception are generally considered to be 
closely related—with higher levels of mindfulness associated with increased interoceptive brain 
activity—if not interoceptive accuracy (Farb, Segal, & Anderson, 2013; Gibson, 2019; Melloni 
et al., 2013; Zeidan et al., 2015).  
Only two facets of mindfulness, nonjudging of inner experience and nonreactivity to 
inner experience, were related to perceived stress. Higher levels of these mindfulness facets were 
associated with lower levels of perceived stress, which was concordant with the findings of 




van Son et al., 2013). Moreover, the differential relationships between mindfulness facets and 
perceived stress were also supported by previous research. In a study of a mindfulness-based 
cognitive therapy for adults with type 1 and 2 diabetes by Haenen, Nyklíček, van Son, Pop, and 
Pouwer (2016), only nonreactivity to inner experience mediated the intervention effect on 
perceived stress when comparing pre- and post-intervention time points, while only nonjudging 
of inner experience mediated the intervention effect when comparing post-intervention and 
follow-up time points. Because the items of the Perceived Stress Scale (PSS) refer to control 
(e.g., “In the last month, how often have you been able to control irritations in your life?”) and 
both nonjudging of inner experience and nonreactivity to inner experiences imply a degree of 
control over inner experience that is not implied by the other facets (viz., the ability to control 
judgments about or reactions to thoughts and feelings), the differential relationships of 
nonjudging of inner experience and nonreactivity to inner experience to perceived stress is 
coherent (Cohen, Kamarck, & Mermelstein, 1983, p. 394). 
There were differential trends between mindfulness and stress responses. Only two facets 
of mindfulness, nonjudging of inner experience and nonreactivity to inner experience, were 
related to salivary cortisol concentration. Higher levels of mindfulness were associated with 
higher levels of salivary cortisol concentration. This relationship was the inverse of the one 
reported in the literature (Brown, Weinstein, & Creswell, 2012; Creswell & Lindsay, 2014; 
Matousek, Dobkin, & Pruessner, 2010). In contrast, four of the five facets of mindfulness were 
directly related to respiratory sinus arrhythmia (RSA). Moreover, the direct relationships of the 
observing and nonjudging of inner experience facets to RSA were statistically significant—
though these relationships must be interpreted with utmost caution due to the extremely small 




findings of the Delgado-Pastor et al. (2015) study partially support the findings of the present 
study. In the Delgado-Pastor et al. study, individuals who received mindfulness training focused 
on body sensations had significantly higher post-intervention RSA levels than those who 
received mindfulness training focused on cognitions or those who received no mindfulness 
training. The Delgado-Pastor et al. findings support the present study’s findings insofar as the 
observing facet items of the Five Facet Mindfulness Questionnaire (FFMQ) refer to body 
sensations (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006). However, only thoughts and 
emotions—not body sensations—are referred to in the nonjudging of inner experience facet 
items of the FFMQ, which were not explained by the Delgado-Pastor et al. study findings. 
Nevertheless, because a direct relationship between emotional regulation and vagal tone has been 
reported—and nonjudgment of emotions is an adaptive self-regulatory mechanism—the direct 
relationship between the nonjudging of inner experience and RSA is compatible with existing 
research (Balzarotti, Biassoni, Colombo, & Ciceri, 2017). 
Finally, there were trends between mindfulness and glycemic control but not mindfulness 
and T1D self-management behaviors. Three of the five facets of mindfulness were inversely 
related to HbA1c percentage. Although the relationship between mindfulness and HbA1c 
percentage was expected in theory, it was not empirically demonstrated in previous mindfulness-
based T1D self-management studies (Ellis et al., 2018; van Son et al., 2013). The absence of a 
relationship between mindfulness and T1D self-management behaviors was also reported in the 
above-cited studies.  
The relationship between mindfulness and HbA1c percentage may have accounted for the 
difference in mean HbA1c percentages in the aversion to hypo- or hyperglycemia dichotomy. 




inner experience subscale of the FFMQ. Assuming an individual who is nonjudgmental of inner 
experience expresses fewer aversions, this finding would be counterintuitive; however, this 
assumption may be false. As the questionnaire items are written, nonjudgment of inner 
experience entails the absence of value ascription to thoughts and emotions (e.g., labeling 
thoughts or emotions as good or bad); it does not entail the absence of value ascription to goals. 
Individuals in the aversion group may have been averse to hypo- or hyperglycemia insofar as 
they were counter to the goal of maintaining glycemic control—or reducing T1D-related health 
complications. Although this explanation is hypothetically plausible and likely partially explains 
the findings of the present study, it does not completely explain them. Some interviewees 
specifically cited aversion to the body sensations associated with hypo- or hyperglycemia. The 
aversions to body sensations expressed by these participants, however, may not conflict with 
their higher levels nonjudging of inner experience because the nonjudging of inner experience 
subscale items refer only to thoughts and emotion—not body sensations. Theoretically—
participants could have been nonjudgmental about thoughts and emotions while being 
judgmental about body sensations; however, to my knowledge, this differentiation has not been 
empirically demonstrated. 
Alternatively—the aversion to hypo- or hyperglycemia dichotomy may not have been 
meaningful. Because dichotomization was based on the frequency that participants mentioned 
aversion to hypo- or hyperglycemia, it was not sensitive to nuances that might have better 
represented the amount of aversion an individual had to those glycemic states. The aversion 
scoring procedure may have coincidentally created groups with different levels of mindfulness, 






Like mindfulness, some interoception-related findings were expected, while others were 
not. Although I expected the inverse relationship of GPT accuracy with HbA1c percentage, the 
relationship between one’s ability to accurately predict their blood glucose level and HbA1c was 
not supported in other studies (Cox, Gonder-Frederick, Polonsky, Schlundt, & et al., 2001; 
Nurick & Johnson, 1991). Cox et al. (2001), however, reported that individuals who received an 
intervention to improve blood glucose level awareness showed statistically significant reductions 
in glycemic variability and incidence of severe hypoglycemia or diabetic ketoacidosis, which are 
also indices of glycemic control. 
Given the relationship between average GPT accuracy and HbA1c percentage, the 
absence of a relationship between average GPT accuracy and T1D self-management behaviors 
was unexpected. Because interviewed participants reported checking their blood glucose levels 
when they experienced symptoms of hypo- or hyperglycemia, one might expect that individuals 
more sensitive to those body sensations might check their blood glucose and engage in other 
T1D self-management behaviors more frequently; however, data did not support that 
expectation. Moreover, because no other study has tested the relationship between blood glucose 
level prediction accuracy and a broad set of T1D self-management behaviors, these data could 
not be compared to those of other studies. Cox et al. (2001) reported individuals who received 
the blood glucose level awareness training showed better judgment in decisions to treat 
hypoglycemia and decisions to drive a car while experiencing hypoglycemia. Despite being 
important, these behaviors capture only a fraction of T1D self-management behaviors.  
Cardiac interoceptive accuracy findings were difficult to interpret. Average HBDT 




percentage. If GPT and HBDT accuracies were both measures of general interoceptive ability, 
they should have had similar relationships to T1D self-management behaviors, HbA1c 
percentage, and each other. Instead, GPT and HBDT accuracies were not related. These findings 
were likely the result of serious limitations of the HBDT, which will be discussed a subsequent 
section. However—setting aside these limitations—they were potentially coherent in the context 
of what is known about interoception. Because blood glucose sensing occurs primarily in the 
hypothalamus and cardiac interoception depends on the vagus nerve, perhaps a relationship 
between glycemic and cardiac interoception should not be expected. Furthermore, because 
cardiac interoception depends on the vagus nerve and vagal tone is related to self-regulation, the 
relationship between cardiac interoception and T1D self-management behaviors might be 
expected (Werner et al., 2013). In support of this speculation, Fairclough and Goodwin (2007) 
found that cardiac interoceptive accuracy positively predicted self-regulation. However, this 
speculative explanation does not account for the direction of the relationship (i.e., why higher 
levels of cardiac awareness would be associated with fewer T1D self-management behaviors). 
Additionally, this explanation was not supported by other data in the present study, wherein 
vagal tone (RSA) was related neither to HBDT accuracy nor T1D self-management behaviors. 
Stress 
Perceived stress was related to average salivary cortisol concentration, average RSA, and 
HbA1c percentage. Higher levels of perceived stress were associated with lower concentrations 
of salivary cortisol. This finding was not theoretically expected but not particularly surprising 
because the empirical evidence supporting the theoretical relationship between perceived stress 
and cortisol secretion has been mixed (Hjortskov, Garde, Ørbæk, & Hansen, 2004; Oldehinkel et 




unexpected. Higher RSA levels typical have been associated with lower perceived stress 
(Dishman et al., 2000; Fanning et al., 2019). Unfortunately, I cannot provide an explanation for 
these unexpected findings that is compatible with both the other findings of this study and 
findings reported in the literature. The direct relationship between perceived stress and HbA1c 
percentage was supported by a T1D Exchange-based study, which demonstrated a relationship 
between more frequent self-reported stressful life events and higher HbA1c percentage (Joiner, 
Holland, & Grey, 2018).  
Responses to the Trier Social Stress Test 
Although groups formed by variable dichotomization tended to have different mean 
values for biobehavioral battery tests, their trajectories across the four TSST time points were 
similar. Dichotomization by the acting with awareness and nonjudging of inner experience facets 
of mindfulness, GPT accuracy, and aversion to hypo- or hyperglycemia revealed the most 
remarkable differences in trajectories. 
Trajectories for GPT accuracy and salivary cortisol concentration appeared to be 
inversely related for the two mindfulness dichotomizations. GPT accuracy and salivary cortisol 
concentration trajectories moved in opposition directions between T1 and T3. Moreover, the 
slopes of the respective trajectories seemed to be somewhat proportional. In particular, GPT 
accuracy decreased from T1 to T2, while salivary cortisol concentration increased. The trajectory 
slopes for GPT accuracy and salivary cortisol concentration were steeper in the high group than 
in the low group. To my knowledge, however, there are no other studies to corroborate an 
inverse relationship between cortisol concentration and glucose sensing. Moreover, there is no 
obvious physiological explanation for it. In contrast to the observed relationship, Raju, 




infusion a day prior to insulin-induced hypoglycemia reported significantly more neurogenic and 
neuroglycopenic symptoms than participants who received an intravenous saline infusion. Yet 
the relevance of their study to the present one is unclear for several reasons. First, none of the 
participants in the present study had hypoglycemia. Second, the effect of cortisol concentration 
elevation on neurogenic and neuroglycopenic symptoms may differ by temporal proximity (e.g., 
whether the cortisol level elevation occurs one day prior to or simultaneously with symptom 
assessment). Third, neurogenic and neuroglycopenic symptom experience may not be associated 
with blood glucose level prediction accuracy—particularly at eu- and hyperglycemic levels. 
Variation in GPT accuracy for the GPT and aversion dichotomizations could not be 
explained by variation in salivary cortisol concentration. Based on study data, there is only one 
plausible explanation for the progressive increase in accuracy for the high group and progressive 
decrease in accuracy for the low group of the GPT accuracy dichotomization: T1D diagnosis 
duration. The mean duration for the high group was about twice as long as the duration for the 
low group. As a consequence of their additional experience, individuals in the high group may 
have been more skilled at calculating their blood glucose level based on last known value and 
their idiosyncratic responses to carbohydrate ingestion and insulin administration. If, however, 
the variation in accuracy was due to variation in glycemic interoception, then I can provide no 
plausible explanation for the trajectories based on other study data or extant research. As for the 
decrease in GPT accuracy at T2 for the high accuracy group, I have no explanation beyond pure 
speculation. If members of the high accuracy group were trying to calculate their blood glucose 
level based on their last known value, carbohydrate ingestion, and insulin administration, 
perhaps the confluence of stress response, insulin time course, and carbohydrate metabolism 




the additional time allowed the carbohydrate-insulin effect on glycemia to regress toward the 
mean upon which those calculations were based. 
For the mindfulness and aversion dichotomizations, salivary cortisol concentrations 
increased and subsequently decreased faster in the high group than the lower group. In a study by 
Creswell, Pacilio, Lindsay, and Brown (2014), mindfulness training was associated with 
increased cortisol reactivity during the TSST. The researchers speculated that the increased 
cortisol reactivity might be caused by cognitive fatigue associated with novice practice of 
mindfulness; however, they qualified this speculation, stating that it could only partially explain 
their findings because other correlates of fatigue, such as negative affect, were not observed. 
Because participants in the current study did not practice mindfulness or engage in cognitively 
demanding activity prior to the TSST, cognitive fatigue could not plausibly explain the cortisol 
reactivity in the high mindfulness group. Setting aside the limitations of the aversion 
dichotomization procedure described above and engaging in pure speculation, perhaps the 
stronger cortisol response made stress more aversive to these individuals, which may have 
motivated them to avoid the stress of hypoglycemia or hyperglycemia, thus improving glycemic 
control. 
RSA trajectories for the mindfulness, GPT accuracy, and aversion dichotomizations were 
perplexing. None of the groups demonstrated reactivity in vagal tone during the TSST. Because 
the primary stressors occurred between T1 and T2, decreases in RSA were expected during that 
time period; however, these were not reliably observed. A decrease in RSA between T1 and T2 
did occur for the high mindfulness group; however, the meaningfulness of this withdrawal was 




Flaws in study procedure discussed in the limitations section below may partially account for 
these unexpected findings.  
An Attempt to Create a Cohesive Narrative  
A coherent narrative based on the primary variables of interest was elusive. High levels 
of the acting with awareness and nonjudging of inner experiences facets of mindfulness were 
associated with better glycemic control; however, there were no compelling relationships among 
interoception, stress, or T1D self-management to potentially explain why those facets of 
mindfulness and glycemic control were associated. The high mindfulness groups had 
significantly higher mean GPT accuracy at T1 than the low mindfulness group; however, 
because this difference did not persist across the remaining time points, conclusions about the 
role of glycemic interoception in glycemic control should be tempered. Only one variable—a 
clinical characteristic of secondary interest—plausibly bridged the gap between mindfulness 
dichotomization and glycemic control: CGM use. All members of the high mindfulness groups 
used CGM, whereas only one-quarter of members of the low mindfulness group used it. Yet 
CGM use presumably influences glycemic control by facilitating more frequent T1D self-
management behaviors. In the current study, only a small, non-significant trend existed between 
CGM use and T1D self-management behaviors. During their interviews, however, some CGM 
users reported checking their blood glucose levels frequently—almost compulsively—because 
the information was readily accessible on their smartphones. The DSMP-SR may not have been 
sensitive to this behavior. Consequently, the relationship of mindfulness to glycemic control may 







 The findings of the interviews were concordant with those of previous studies. Like the 
present study, two studies of symptom awareness in individuals with T1D found that symptoms 
associated with hypo- and hyperglycemia were largely idiosyncratic (Hernandez, Bradish, 
Rodger, & Rybansky, 1999; Nurick & Johnson, 1991). Although 77% of participants reported 
shakiness as a symptom of hypoglycemia and 31% reported frequent urination as a sign of 
hyperglycemia, no symptom was shared by all participants in the Nurick et al. study. Shakiness 
was also the most common symptom reported in the present study, with 71% of participants 
endorsing it. Frequent urination was the second most commonly reported sign of hyperglycemia, 
with 57% of participants endorsing it. The primary theme that body sensations prompt blood 
glucose self-monitoring was concordant with previous studies that individuals sometimes rely on 
body sensations to manage their blood glucose levels (Hernandez et al., 1999; Hood & Duke, 
2015; Price, 1993). 
Strengths and Limitations 
 The primary strength of this study was its advocation for embodied T1D self-
management research. The use of mixed methods afforded a few insights that would have been 
missed if they study design were strictly quantitative. Finally, through its imperfection, this study 
revealed many opportunities for improvement in a future study. 
 The study had several limitations. The sample was the foremost limitation. In conjunction 
with the loss of data, the small sample size made interpretation of trends difficult. For example, 
because RSA data was available for only three participants, its correlations with other study 
variables were artificially inflated and dichotomization left analytical groups with a single case—




had limited generalizability because the sample was unrepresentative of the population. None of 
the participants were Black, Latinx, or Hispanic. All participants who completed the 
biobehavioral visit had better than average glycemic control. Individuals with poor glycemic 
control may have significantly different levels of mindfulness, interoception, or stress. One 
participant who completed the interview but not the biobehavioral visit reported having a higher-
than-average HbA1c percentage. This individual also endorsed a high level of confidence in 
using body sensations for T1D self-management—including the administration of insulin 
without blood glucose self-monitoring. This high-risk behavior was not endorsed by individuals 
with better-than-average HbA1c percentages. Thus, it is plausible that individuals with poor 
glycemic control would differ from those with good control in other respects (e.g., mindfulness, 
interoception, and stress).   
 Given the tenuousness of the relationship between perceived stress and cortisol response, 
this study would likely have been strengthened if a different stress metric had been used. A 
diabetes-specific measure of stress—or distress—should have been used. Diabetes-specific stress 
has been inversely associated with glycemic control (Boden & Gala, 2018; Rechenberg, 
Whittemore, Holland, & Grey, 2017). Moreover, Rechenberg et al. (2017) showed that—in 
contrast to diabetes-specific stress—glycemic control was not related to general stress as 
measured with the Perceived Stress Scale. 
There were also problems with the measurement of interoception. Although the HDBT is 
a common test of interoceptive accuracy, its validity may be challenged on at least two points. 
First, the structure of the test is not conducive to variability. The HBDT allows for little variation 
in accuracy scores. In this study, scores varied from .95 to 1.0 across all four points. Because 




rates were expected to be steady over the 25, 35, 45, and 55 second test periods. Consequently, 
participants needed only to detect—in theory—two sequential beats to initiate a counting rhythm 
that could be perpetuated regardless of any body signals. Because the test periods were short, 
there was not enough time for error to substantially propagate in the heartbeat estimates of 
individuals who relied on count rhythm instead of body signals. Desmedt, Luminet, and 
Corneille (2018) reported that 91.8% of participants admitted to estimating their heart rate in the 
absence of body sensations during the HBDT. When participants were instructed to complete the 
HBDT without estimation—based only on discretely sensed beats—the mean accuracy score was 
halved. 
Second, somatosensory signals may significantly contribute to heartbeat detection. Even 
if all participants relied on body signals and not count rhythms to produce their heartbeat 
estimates, these estimates may not entirely reflect interoceptive ability. Khalsa, Rudrauf, 
Feinstein, and Tranel (2009) found that heartbeat sensations depended on somatosensory inputs. 
In a case study of an individual with near-complete damage of the brain regions central to 
interoception, the investigators found the individual’s ability to detect pharmaceutically 
manipulated changes in heartrate was similar to that of healthy controls until the skin overlying 
the heart was anesthetized. Once participants’ skin was anesthetized, this individual could no 
longer detect changes in heart rate, whereas the ability remained for healthy controls. This 
limitation, however, is minor compared to the limitation in variability. 
In acknowledgement of the limitation of the HBDT while designing this study, I planned 
to use a second, more T1D-relevant measure of interoception, the GPT. This measure, however, 
has not been validated. Blood glucose prediction accuracy has been tested in other studies; 




1988; Cox et al., 1985; Cox et al., 2001). The primary challenge to the validity of the GPT as a 
measure of glycemic awareness lies in the basis of blood glucose predictions. Although 
participants were told to base their predictions on body sensations only, they could have tried to 
calculate their blood glucose level based on their last known value. During their interview, one 
participant who predicted their blood glucose level with high accuracy admitted to doing so, 
saying: “That wasn't based purely on sensation. It was based on: ‘Okay, well, I had just drinken 
that shake, it's been this many hours, I think I bolused the right amount’—like that kind of 
thing.” If participants generally engaged in this sort of calculation, then GPT accuracy would 
reflect the ability to perform this calculation instead of the interoceptive ability to sense their 
blood glucose levels. Because the individuals with the highest GPT accuracies also provided the 
most technically detailed descriptions of their self-management routines and endorsed checking 
their CGMs frequently when interviewed, this type of calculation probably occurred. 
Despite the probable occurrence of calculation, there is evidence to support the GPT as a 
measure of interoceptive ability. In the Cox et al. (1985) study described in Chapter 2, the blood 
glucose level predictions of individuals with T1D blind to the amounts of glucose and insulin 
being administered to them were within 20% of the actual value 46% of the time. Predicted and 
actual values were significantly correlated for over one-third of participants. Moreover, there was 
no relationship between blood glucose self-monitoring frequency and prediction accuracy. In the 
present study, GPT accuracy was not related to T1D self-management behaviors—including 
blood glucose self-monitoring. Moreover, the trend between GPT accuracy and CGM use was 
modest and statistically nonsignificant. Although these findings do not entail that the GPT 




function of blood glucose self-monitoring frequency. Regardless of complications in the present 
study, if the GPT is to be used in future studies, it needs to be validated. 
 To more thoroughly assess interoception, I should have measured interoceptive 
sensibility and awareness. Although the interviews provided information about interoceptive 
sensibility insofar as they were intended to assess how body sensations influenced T1D self-
management behaviors, they did not provide information about the role of body sensations 
outside of that context. I did not include a measure of interoceptive sensibility because I have 
serious doubts about an individual’s ability to accurately report the frequency with which they 
are aware of particular body sensations. However, similar criticisms have been directed toward 
self-report measures of mindfulness (Grossman, 2008, 2011). A measure of interoceptive 
sensibility, such as the Body Perception Questionnaire, should have been included, providing 
more data—the quality of which could have been evaluated after the fact. I did not include 
interoceptive awareness because I have serious doubts about the value of an individual’s 
confidence about their interoceptive accuracy. Overconfidence and underconfidence about 
accuracy are easy to imagine—and seemed to occur in the study in which interoceptive 
awareness was proposed. In the Garfinkel, Seth, Barrett, Suzuki, and Critchley (2015) study, the 
correlation between accuracy and confidence was only r = .282, p = .011. Although the 
inferences that individuals with high interoceptive accuracy and confidence have high 
interoceptive awareness and individuals with low accuracy and confidence have low awareness 
are intuitive, any other combination of high or low accuracy or confidence is not intuitive. If two 
individuals were equally inaccurate, but one was very confident and the other very unconfident, I 




above, tests of interoceptive accuracy are flawed; however, they are more meaningful than self-
assessments of confidence. 
Study procedures may have imposed extraneous effects on RSA. Stressors may not have 
been limited to the period between T1 and T2 of the TSST. Prior to starting the TSST, 
participants were escorted through the observation room to the control room, where monitors 
showed video feeds from the observation room cameras and data acquisition software interfaces. 
These sights may have induced stress. Additionally, the HBDT and GPT may have acted as 
evaluative psychosocial stressors similar to the speech and arithmetic tasks of TSST—given that 
they were asked to demonstrate their ability to sense or predict heartbeats or blood glucose 
levels, knowing that I was evaluating that ability. Consequently, there may have been no true 
recovery period. The plausibility of this explanation, however, is tempered by the cortisol 
trajectories, which peaked for all groups at T2 or T3 and declined through T4.  
Conclusion 
 Although the relationships of mindfulness, interoception, and stress to T1D self-
management were explored, this primary purpose of this study was to determine its acceptability 
and feasibility. To the extent that participants found the procedures to be acceptable and several 
problems involving recruitment, equipment, measurement of study variables, and data 
management were identified, the study was valuable. To rigorously investigate the relationships 
of mindfulness, interoception, and stress to T1D self-management in a future study, these 
problems will need to be solved.  To meet recruitment goals, study personnel will need to use 
more aggressive strategies and data collection may need to occur at multiple sites. To capture 
high quality electrocardiographic data, a device that can reliably capture such data needs to be 




mentioned above, different measures of stress (viz., diabetes-specific stress) and T1D self-
management behaviors should be used. Additionally, a measure of self-regulation should be 
added to better understand how mindfulness, interoception, and stress are related to T1D self-
management. Finally, more routine, systematic procedures for data management should be 
developed to prevent data loss. 
 Due to this study’s limitations, no conclusions could be confidently drawn about the 
relationships of mindfulness, interoception, and stress to T1D self-management. Nevertheless, I 
believe that some of the findings were sufficiently compelling to justify a future, statistically 
powered study that incorporates the modifications suggested above. Facets of mindfulness were 
related to glycemic control with statistical significance. There were individuals who could 
predict their blood glucose levels with high accuracy and individuals who could not. Individuals 
who could predict their blood glucose with high accuracy tended to have better glycemic control. 
As discussed above, these finding could reflect the use of CGM or duration of T1D diagnosis; 
however, they could reflect the need for embodied T1D self-management research. Any 










We would like to know more about your experience being recruited for and participating in this 
study. We are interested in how we can improve our procedures for a future larger study.  
 
This survey is anonymous; your responses will not be connected to your study ID or personal 
information. When you are finished, please the survey in the provided envelope. 
 
Below are statements about the study. We would like to know whether you agree or disagree 




Disagree Disagree Agree 
Strongly 
Agree 
1. The recruitment flyer made me want to 
learn more about the study     
2. The research team responded to my 
request for more information about the 
study in a timely manner 
    
3. The research team called me to get phone 
consent and schedule an appointment in a 
timely manner      
4. The research team gave me the 
opportunity to ask questions     
5. The research team explained the study 
procedures clearly     
6. Completing the questionnaires in REDCap 
was easy     
7. Based on what I was asked to do in the 
study visit today, $40.00 was a fair 
incentive     
8. Based on my experience during the study 
visit today, I would participate in the 
interview (second study visit) if asked 
    
 
 
If you are willing, please tell us more about your responses above on the provided sheet of lined 
paper. We are interested in what you liked or did not like about the recruitment process or the 
study visit. If you have any suggestions for improving the recruitment process or the study 




APPENDIX 2: INTERVIEW GUIDE 
 
Mindfulness, Interoception, Stress and Type 1 Diabetes Mellitus Self-Management  




Thank you for agreeing to this interview. The insights and experiences you share will help us better understand 
type 1 diabetes self-management among late adolescents and early adults. Although you agreed to participate in 
this interview, you are in control of the information you share and may stop the interview at any point. I will 
respect your wishes. 
 
My questions will be broad so you can share what you think is important. I am here to learn from you. Please 
assume that I know nothing about type 1 diabetes, type 1 diabetes self-management, or issues related to them. I 
am interested to hear as much detail as you are willing to share. I may ask follow-up questions (known as 
probing questions) to help you provide more detail; however, you may choose not to share more information. I 
will respect the boundaries that you set. 
 
1. Tell me how body sensations influence your self-management of type 1 diabetes in day-to-day life. 
 
2. Normal blood sugar level 
 
a. What is an acceptable blood sugar range for you? 
 
b. How does your body feel when your blood sugar is in the normal range? 
 
3. Low blood sugar level 
 
a. How does your body feel when you have low blood sugar? 
  
b. What do you typically do when you feel those sensations? 
 
4. High blood sugar level 
 
a. How does your body feel when you have high blood sugar?  
 
b. What do you typically do when you feel those sensations? 
 
5. How much do you trust your body sensations to control your blood sugar? 
 
 
Example probing questions: 
 
• Tell me more about… 
• What was your blood sugar level when you felt/noticed…? 
• How often does that happen? 
• Would you provide an example of…? 
• How did you respond to…? 
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